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Summary and Conclusions

This memorandum is the Dicamba Tier II Incident and Epidemiology Report. Prior to this memorandum,
dicamba incidents were reviewed in November 2015 (E. Evans and S. Recore, D427231, 11/10/15). In
2015, the Health Effects Division (HED) prepared a preliminary Tier I (scoping) human incident review
of dicamba human incident reports by consulting the Office of Pesticide Programs (OPP) Incident Data
System (IDS) and Centers for Disease Control and Prevention/National Institute for Occupational Safety
and Health (CDC/NIOSH) Sentinel Event Notification System for Occupational:Risk-Pesticides
(SENSOR) for reports of poisoning incidents. In 2015, the incident gt stated that “a relatively high
frequency of cases reported for dicamba in both IDS and SENSOR-Pesticides. While the majority of case
reports are low in severity in both databases, there are a number ‘afimoderate severity cases reported.
Further review of dicamba may be warranted.”
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In order to assess the epidemiglogic evidence on the potertfial adverse effects of dicamba exposure, HED
performed a systematic review ofithe epidemiologic literaturé on dicamba and identified 78 articles that
investigated #'range of health outcomes inehiding 33 studies‘ptigireinogenic health outcomes and 45 on
the nop:darcinogenic dutcomes Parkinson’s Dissaseivespiratory effects, thyroid disease, and a range of
othethealth outcomes. Whilg there were some individital shudies identified that reported a positive
association between dicamba’exposure atid some adverse health effects, the overall evidence was based
on a small bady of studies (i.e., typically only oine or two study populations per health outcome) that often
had substantive fimitations with respeit to their study design, exposure assessment approach and outcome
assessment approacly, As such, HED goncluded that overall, there was insufficient epidemiologic
evidence to suggest's ¢lear associative gr causal relationship exists between dicamba exposure and the
adverse health effects ¢xamined in the gvailable epidemiologic literature. The Agency will continue to
monitor the epidemiologyidata and -~ if'a concern is triggered -~ additional analysis will be conducted.

! For this review, no medical case reports were investigated.
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1 BACKGROUND

is a widely used herbicide on agricultural crops, fallow land, pastures, turferass, and rangeland. | Deleted: Dicamba is a selective pre- and post-emergent herbicide

| ;chamb
Dicamba is 2 benzoic acid. Dicamba is used for control of emerged broadleaf weeds and provides some used to control a wide spectrum of broadleaf weeds and woody
plants. It is registered for use in agriculture and other applications. It

l residual control of germmaflng Weeds— ¢ . “_ i isclassified as either a benzoic acid or chlorophenoxy herbicide

t Deleted:

HED is currently re-evaluating the toxicity, exposure, and risk profile of dicamba under the Food Quality
Protection Act (FQPA)-mandated Registration Review program. The registration review program is
designed to ensure EPA evaluates new information regarding pesticides o1 4 1.5-year cycle, and to update .
the risk assessment and initiate new regulatory requirements, when apptopnate,to ensure the protection gf]fgjffé‘;g?-f egulations govidocument?D= EPA-HQ-OPP-2016-
of human health and the environment. Pesticides included in the registration review program are ; -

pesticides for which EPA completed a Re-registration Eligibility Becision yinder the FQPA.

Commented [EE3): Benefits memo (tricky cutation?) perhaps we
don’t need to cite anyway since 1t an EPA source
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This dicamba Tier IT Incident and Epidemiology Report reviews human observation data from a variety of
sources including:

{ Deleted: (Dicamba benefits memo, 10/31/18)

e Human incident (poisoning) data from the follgwing sources;
o OPP’s Incident Data System (IDS) database;
o National Institute of Occupational Safety and Healih ¢(NTOSH) SENSOR-Pesticides;
o National Pesticide Information:Center (NPIC) (Agenéy Sponsored); and
o California’s Pesticide Incident Surveillance Program (PISP).

s Epidemiological studies from the open literature:

A Tier Il incident and epigdemiologyireport, as compaged toga ieril ihgident andiepidemiology report,
provides additional details and greater depth in scope 6fgeview of informiation relating to human
exposure. Utilizationi oFthiése data will aid HED in bettét:defining and chigricterizing the potential risk of
dicamba pesticide productsitoithe U.S."papulation, and patficular sub-groups such as workers and
children.

Incident data are colleated systematically, butdifferently, acrass'the different databases used by the
Agenicy with respect to siteh idsues as'coverage, certiinty/iontidence, fields/parameters reported, and
usabilityifhe three pesticide'tnigident data sources (IDS, NIOSH SENSOR-Pesticides, and NPIC) were
used in thisidigamba report sinceithiey provideuseful content and historical perspective. Various other
comparable souiges of data are available (e.g. the Bureau of Labor Statistics, emergency room outpatient
surveillance, Nationial Poison Data System (NPES), etc.) but are not included in this review. By looking
across the five data'soiirces which wére used, the Agency is confident that we are considering adequate
and appropriate inforniation to disceryifrends and patterns in permethrin-associated acute pesticide
poisonings, or “incidents:}

It is important to recognize, howeyer, that reports of adverse health effects allegedly due to a specific
pesticide exposure (1.e., an “ingident™) are largely self-reported and therefore, generally speaking, neither
exposure to a pesticide nor reported symptoms (or the connection between the two) are validated.
Therefore, only rarely can causation be determined or definitively identified based on incident data.
However, incident information can provide important feedback to the Agency. Human incident data, in
concert with other human observational studies (biomonitoring and epidemiological studies) and the
human health risk assessment, can assist the Agency in determining potential risks of pesticides/pesticide
product exposure, and can help characterize that risk. This review assesses acute pesticide p01sonmo
incidents and published epidemiology studies to inform the preliminary risk assessment for gicas

'-i Deleted: DDVP }
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2 REVIEW OF INCIDENT ANALYSIS

2.1 Incident Data System (IDS) (2015-202¢)

OPP’s IDS includes reports of alleged human health incidents from various sources, including mandatory
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) Section 6(a)(2) reports from registrants,
other federal and state health and environmental agencies, and individual cgnsumers. Since 1992, OPP
has compiled these reports in IDS. IDS contains reports from across the 4J;8:“and most incidents have all
relevant product information recorded. Reports submitted to the DS sepresent anecdotal reports or
allegations only, unless otherwise stated in the report.

IDS records incidents in one of two modules: Main IDS and Ageregate IDS:

e Main IDS generally contains incidents resulting indsigher severity outcomes and provides more detail
with regard to case specifics.” This system storesingident data for death, major and taoderate
incidents, and it includes information about the location;date and hature of the incidént;:Main IDS
incidents involving only one pesticide are considered to'provide moré certain information gbout the
potential effects of exposure from the pesticide.

e Aggregate IDS contains incidents resulting iniless severe humaningidents (minor, unknown, or no
effects outcomes). These are reported by registrants:.only as counts i1 what are aggregate summaries.

For Main IDS from January, 1,.2015 to July 31, 2020, ther¢*were:174 mcidents repotted that mvolved
the active ingredient dicaiiba{OFf thiese 174 incidentsy severincidents.involved the single active
ingredient dicamba (ogly). Six of thessiincidents were gldssified as mgderate severity and one incident
was classified as having ng.or unknowsn symptoms. Thesg incidents are ‘deseribed in Appendix A, Table
1. The other 167 dicamba‘ingidents reported involved multiple active irigredients. There was one death
reported which was a suicide: In2019 i Pennsylvania, a male ingested an entire bottle of the product.
There wersigight major severity'ingideints thatare described titiAppendix A, Table 2.

Thirty two incidents reportediin from 2019 to July 31; 2020 were further analyzed for exposure scenarios
and'health effects. Four of these incidentts were diagnoséd by a health care professional as not being
related to dicamba and not further reviewed. Of the remaining 28 dicamba incidents, most (n=13)
individuals wergthomeowners that feported being iexposed while applying the product. Other exposures
include ingestionfshispected ingestion n=>5), conact with the product (n=3), drift (n=2), postapplication
exposure (n=1), oné gecupational exposure to warehouse employees and three unknown exposures. The
incident narratives caribe:found in Appendix A, Table 3. Individuals most often reported dermal
symptoms, including rashi Blisters andiitchiness, followed by respiratory and neurological symptoms,
including shortness of breath;yespirdtory irritation, confusion, dizziness, and headache. Other reported
symptoms were cardiovascularpeular and gastrointestinal symptoms which included eye irritation, chest
pressure, vomiting and diarrheg;

For Aggregate IDS from January 1, 2015 to July 31, 2020, there were 1203 incidents reported involving
dicamba. Twenty two incidents had no or unknown effects and 1181 incidents were classified as minor
severity. Minor severity means that a person alleged or exhibited some symptoms, but they were
minimally traumatic, the symptoms resolved rapidly and usually involved skin, eye, or respiratory

2 Occasionally, low severity incidents are self-reported by the consumer directly to Main IDS.
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irritation. Because these incidents fall within the categories reported as counts (which includes minor,
unknown or no effects), there is no unique report that provides details about the incident.

2.2 SENSOR-Pesticides (2012-2017)

The Center for Disease Control’s National Institute for Occupational Sgfety andHealth (CDC/NIOSH)
manages a pesticide surveillance program and database entitled the Sesitinel Event Notification System
for Occupational Risk (SENSOR)-Pesticides.’ All cases must repgctat leastitwo adverse health effects.
Evidence for each case is evaluated for its causal relationship between exposiite and illness based on the
NIOSH case classification index.* Using standardized protegoliand éase definitivhs, SENSOR-Pesticides
state coordinators, operating out of the state’s department of healthi.receive state pegticide incident reports
from local sources, then follow up with case sources 16 get incident scenario to obtaitt fhedical records
and verify exposure scenario information.’ This database includes pesticide illness case réports from
multiple states from 1998-2017.9

A query of SENSOR-Pesticides from 2012:2017 identified a total ofi130 casés involving dicamba:” All
cases involved exposure to multiple pesticidg agtive ingredients, orte of which was dicamba. Qverall, the
majority of cases were low in severity (86%).: Ihete were 17 cases that were moderate in severity and
one case that was high in severity. Cases primatily ‘tvolved homeownerigpplicator exposures.

The high severity incident report.occurred in Washington 111'2015.and was a regidesitial exposure. The
case resides about 100 feetiway fibim an oat field thyt was:being'sprgyed. Sheselled the chemical
coming into the cabiniiShe did notgxperience symptoms at that timeihowewer, the next morning she
woke up with a cough and a nosebleed This case soughfimedical treatmient seven days after her
exposure; she reported soreiiliroat, chrotii¢ cough, and runtly nose. TheCase was diagnosed with an upper
respiratory infection. The state sinvestigation found this exposure was due to spray drift from an
applicationiof & statedeclared restriotéd-use pesticide (EPA Régy# 71368-34).” The Washington State
Department of Agrictltiire issued aNatice of Carfeetion to the individual who made this application for
“purghise and application‘of miore than Figallon of &' REP without an applicator’s license.”

The majority ¢f incidents involviggidicambaiwere non-occupational (n=92) and primarily involved either
homeowners applying a dicamba prasduct (n=36) 04 postapplication exposure of another member of the
household to an application of dicaniby, at their gesidence (n=44).

For both non-occupatianial.and occupational cases, there were many cases that accidentally sprayed
themselves in the face andioteyes while applying (n=42), or experienced a product spill or splash
exposure scenario while theyiwere using the pesticide. In most of the homeowner application cases, the
individual was not wearing any PPE. This was true for many occupational cases as well. There were;
however, some of the occupatignal cases that did wear PPE (including goggles, facemasks) but the
protective gear was inadequate, for example, PPE was knocked off their face due to a high-pressure
exposure incident. The following is a breakdown of exposure scenarios identified for the 130 dicamba
cases:

3 SENSOR-Pesticides webpage: http://www.cde.gov/niosh/topics/pesticides/overview.hirml,

4 hitpsy/wewnw.cde.goviniosh/topics/pesticides/pdfs/casede fpdf

* hitps:/iwww .cde.gov/nioshy/topics/pesticides/pdfs/pest-sevindexv6.pdf

¢ Currently participating states are: California, Florida, Illinois, Louisiana, Michigan, Nebraska, New Mexico, North Carolina,
Oregon, Texas and Washington. The participating states for a given year vary depending on state and federal funding for
pesticide surveillance.

7 In addition to the federal restricted-use pesticide products, Washington Pesticide Laws and Related Regulations lists several
state-designated restricted-use pesticides, including dicamba.
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Application/handling-related exposures

¢ Equipment malfunctions, including hose breaks, pressurized pump bursts, leaking backpacks
(n=14)

e Spill of product when mixing/loading/handling (n=12)
e  Spray or splash to face when applying (n=12)

e Applying while windy (n=5)

e Touched face (n=3)

e General application exposures (n=26)

Post-application exposures

e Case was directly contacted/hit by an active appligatiotin="14)

e Spray drift during an active application (n=9)

e Contact with residue when in a recently treated ares,(n=15)

e  Other (non-contact residue) postapplication exposures when i a fecently treated area {n=14)
e  Accidental ingestion of product from.a beverage containes {1=3)

¢  Child found/tampered with product (-3}

¢ Not specified (n=3)

Dicamba exposure routeswete primarily dermal (n570) or inhalation (n=58); followed by ocular (n=30)
then oral/ingestion (n=§4y. Many cases reported multiplesoutes ofigxposure. F'he moderate and high
severity cases (n=17}tended to involve inhalation exposiires (n=10) atid/or peular (n=4); two more severe
cases were oral exposures; The most fieguently reportedigymptom among all cases was eye pain, burning
or irritation (n=44). Reportsipfiadverse hiealth effects mostipften were neurological symptoms (n=59)
including headaéhie:and dizzinessifollgwed by dermal symptems (n=>52) including skin pain/irritation and
redness; followed by resparatory syniptomsi{n-46) including upper respiratory pain/irritation;
gastrointestinal symptomis {fi=45) pringirily nauses andvomiting; as well as ocular symptoms (n=44),
prigharilyieye pain, burningiiand/or irritation. Most casesiwere low in severity (86%) and resolved in less
than threeidays.

‘While the produgt pames and EPA'tggistration umibers implicated in dicamba cases were numerous and
varied, most produet formulations wete solubleiconcentrates or emulsifiable concentrates used to control
weeds on lawns. Most of the dicamba product labels reviewed for this memo did require PPE, including
protective eyewear, chemical resistant gloves, or chemical resistant aprons on the labeling. Homeowner
applicators did not often repoit.use of any PPE. All incidents reported exposure to multiple active
ingredients including dicamba; other pesticide active ingredients frequently reported in the dicamba
incidents include: 2,4-D, diquatidibromide, fluazifop-butyl, fluroxypyr, sulfentrazone, MCPA, and
MCPP.

2.3 California’s Pesticide Incident Surveillance Program (PISP) (2012-2017)
The Pesticide llness Surveillance Program (PISP) maintains a database of pesticide-related illnesses and
injuries. Case reports are received from physicians and via workers’ compensation records. The local

County Agricultural Commissioner investigates circumstances of exposure. Medical records and
investigative findings are then evaluated by DPR technical experts and entered into an illness registry.
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PISP contains both residential and occupational pesticide incidents. PISP has limited coverage (only
California) and is therefore not useful for identifying national trends over time. However, the incident
information is entered by professionals with expertise in pesticides who extensively follow-up on each
reported case, establishing a high degree of confidence in the information provided for each reported
incident.

In PISP from 2012-2017 there were 28 case reports involving dicamba. PISP evaluated the certainty of
each case by reviewing the physical exposure and medical evidence and determined that 13 cases were
probable, 11 cases were possible, and four cases were definite. Of these 28 cases, 23 cases were non-
occupational exposures and five cases were occupational agricultural exposures. Overall, most cases
(n=15) were applying the pesticide when they were exposed. Five cases were exposed from spray drift.
See Table 1 to review all exposure scenarios among the 28 cases. See Appendix A, Table 4 to review the
exposure details for all 28 dicamba incident reports identified in PISP.

Table 1. Exposure Type for Dicamba Incident Reports
in CAPISP 20122017
Exposure Type Case Count
Direct Spray/Squirt 6
Drift 5
Ingestion 4.

Other 2 Hme
Spill/Other Direct 8
Unknown 3
Total 28

Twenty cases reported one or more dermal symptoms (n=20), followed by gastrointestinal symptoms
(n=13) and ocular symptoms (n=11). Symptoms often reported among the PISP dicamba cases include
skin irritation, rash, blisters, nausea, vomiting, burning and red/irritated eyes, and throat irritation.

2.4 National Pesticide Information Center (NPIC)(2015-2020)

The National PesticideInformation Genter or NBIC i8:a,cooperative effort between Oregon State
University.and EPA whichiis finded by EPA to serve'asia source of objective, science-based pesticide
information and to respond toitigiries fromithe public and to incidents. NPIC functions nationally during
weekdays from8:00 am to 12:00 pi PacificTitne through a toll-free telephone number in addition to the
internet (wwwtipie.orst.edu) and enail. SimilatitaPoison Control Centers, NPIC’s primary purpose is
not to collect incident.data, but rathér 1o providg information to inquirers on a wide range of pesticide
topies, and direct calters:for pesticide iieident investigation and emergency treatment. Nevertheless,
NPIC does collect infornation about in¢idents (approximately 4000 incidents per year) from the public
and records that informatiog i a datgbase. While NPIC is a source of national incident information, it
generally receives fewer repotts than'IDS. Regardless, 1f a high frequency is observed in IDS, NPIC
provides an additional source of iformation to see whether there is evidence of consistency across
national data sets or possibly diiplication and additional mformation about the same incident(s).

From January 1, 2015 to May 14, 2020, 95 human incidents involving dicamba were reported to NPIC.
NPIC estimates a certainty index that classifies an incident (including reported symptoms) as consistent or
inconsistent with expected exposure to a pesticide, or whether the incident was unclassifiable. Of the 95
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reported incidents, 26 were classified as consistent.® Of the 26 incidents that were classified as consistent,
18 incidents were classified as minor severity and eight incidents were classified as moderate severity. Of
the remaining 69 incidents, 24 icidents were classified as inconsistent and/or unlikely related to dicamba
exposure and 44 were asymptomatic and considered unclassifiable.

Half (n=13) of these incidents were due to exposure from drift, either from a neighbor’s yard or a nearby
agricultural field. Other exposures included spills and splashes (n=3), postiipsplication exposure (n=4) and
homeowner applicator exposures (=6). Individuals reported respiratory] neurotogical, dermal, ocular and
gastrointestinal symptoms, including sore throat, coughing, difficulty breathing, rash, dizziness, tingling
sensation, skin irritation, eye irritation stomach pain, and diarrheg;

2.5 Tier II Acute Incident Report Review Summayy

Overall, the majority of dicamba incidents were low in geverity (84% in IDS, 86% 1S ENSOR-
Pesticides, NPIC 69%). IDS, SENSOR-Pesticides azid PISP identified that most incidetits involved
homeowners exposed either when applying the product o through spills/splashes of the'praduct. Most
often these exposures were to lawncare products with moréithin one aciive ingredient. In addition,
postapplication exposure to non-applying members of the housghaldfoliowing application weig réported.
Among the occupational exposures to dicaniba, these too primarily involved exposures while applying the
pesticide, several of these involved application eéuipment failures; sevgndly several agricultural workers
were directly hit with the pesticide spray during:an getive pesticide application. Across all four incident
databases reviewed, there was a total 29 of spray frift“refated exposures. Thgamba cases often reported
adverse dermal, respiratory,.and gastrointestinal health effeets, Many cases alsp guported adverse
gastrointestinal and ocularhealth effects.

3 TiIerIl EPIDEMIDLOGY REVIEW

3.1  Introduction

OPP gonducted a systemati¢review ol peer reviewediepidemivlogy studies that examined the association
between dicamba and adverse lealth effects. The specific aims of the systematic review of the
epidemiology literature were to;

1. Condiictia literature search and assemble z:database of epidemiological studies examining the
human health effects associdted with digamba exposure; and,

2. Review, sunmngrize, and assess the quality of the assembled literature.

This report describes the systiematic giview approach and results of OPP’s evaluation of epidemiology
literature. This evaluation focused:éin characterizing results with respect to health outcomes evaluated in
the literature and identifying strengths and limitations and overall quality of the study in the regulatory
context.

3.2 Review Framework

The National Academy of Sciences National Research Council (NRC) and the National Academy of
Medicine (formerly the Institute of Medicine) define systematic review as “a scientific investigation that

8 Consistent means that the majority of reported symptoms are consistent with exposure to the active ingredient according to
published information, and the time course between exposure, onset, and duration of symptoms could be conceivably consistent
with the toxicology of the active ingredient and the reported exposure pathway is conceivably plausible based on the history
provide
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focuses on a specific question and uses explicit, pre-specified scientific methods to identify, select, assess,
and summarize the findings of similar but separate studies. In a 2014 report, NRC identified systematic
literature review strategies as “appropriate for EPA” and “specifically applicable to epidemiology and
toxicity evaluations™ for regulatory purposes.

In 2016, EPA OPP published a framework for incorporating epidemiological data into risk assessments
for pesticides which described a systematic review process relying on stanidird:methods for collecting,
evaluating, and integrating the scientific data supporting Agency decisions.!® Thé:epidemiology
framework characterized “fit for purpose” systematic reviews for ingorparating human epidemiology data
into OPP risk assessments for pesticides, meaning that the complexity and sgope of each systematic
review is tailored to a specific analysis and follows the key charaéteristics otitlined in the Cochrane
Handbook:"!

e Clearly stated set of objectives with pre-defingd eligibility criteria for studies;
¢ Explicit, reproducible methodology;

¢ Systematic search to identify all relevant studies;

e Assessment of the validity of the findings from the identified studies; and,

e Systematic presentation and synthesis ¢f the characteristics amd findings of the included studies.

Following the procedures described in the OPP epidemiglagy framework, QPP conducted a formalized
literature review to collect, evaluate, and integrate gyidence fiom relevant epideémielogical literature on
the association between diganibi exposure and humah healtli biitcorhes to evalugté whether exposure to
this chemical is associgted with attiinereased (or decressedytisk of adveise health outcomes.

3.3 Methods

3.3.1 Systemaric Literature Séurch

The Jiterature search methodslogy followed the guiduneeiprovided in the National Toxicology

Prograim/@iffice of Health ASsessment and Franslation (NTP/OHAT) Handbook for Conducting a

Literature-Based Health Assessment Using QHAT Approach for Systematic Review and Evidence

Integration, Yanuary 9, 2015. For the search, the fslléwing population, exposure, comparator, and

outcome of interest{PECO) criteriabelow guided the inclusion/exclusion criteria and selection of terms:
3. Population of interest: Populgtion studied must be humans with no restrictions, including no

restrictions on ageidife stage,isex, country of residence/origin, race/ethnicity, lifestyle, or
occupation

4. Exposure: Exposure studied must be to dicamba in any application via any route of exposure.

5. Comparator: Exposed#r case populations must be compared to a population with low/no
exposure or to non-cases to arrive at a risk/effect size estimate of a health outcome associated
with dicamba exposure.

® NRC. 2014. Review of EPA’s Integrated Risk Information System (IRIS) Process. Washington, DC: National Academies Press.
10 US EPA. December 28, 2016. Office of Pesticide Programs’ Framework for Incorporating Human Epidemiologic & Incident
Data in Risk Assessments for Pesticides. https://www3.epa.gov/pesticides' EP A-HQ-OPP-2008-0316-DRAFT-0075 pdf

" Higgins, 1.P.T., Thomas, I., Chandler, I., Cumpston, M., Li, T., Page, M.J., and Welch, V.A. (Eds.) (2019). Cochrane
Handbook for Systematic Reviews of Interventions. 2 edition. Chichester (UK): John Wiley & Sons.
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6. Outcome: All reported human health effects, with no restrictions on human system affected
(effects could be based on survey or other self-report, medical records, biomarkers, publicly
available health data, or measurements from human sample populations).

Based on these PECO criteria, inclusion/exclusion terms were identified, and a literature search was
conducted in PubMed, PubMed Central, Science Direct, and Web of Scienge. The literature search
included all peer-reviewed publications through January 2020. Results were limited to those with human
subjects and an English language abstract. The search code used to idenfify publications is listed in Table
2.

Table 2. Dicamba Literature databases, search strategies, search dates; ind publications returned

) (({(*dicamba") AND (human AND ("adverse health effect™" OR epidemiologic . ¢
PubMed stud* OR cohort® OR case control* OR case-control* OR cross section® OR cross- 6157208 23
section™ OR cluster® OR environmental exposure® OR occupational exposure® OR
ecologic stud* OR aggregate stud* OR "pancreatic' OR “pancreas” OR
"hematologic malignancy"))))

PubMed ({((dicamba) AND (human AND (“adverse Health e8¢t OR epidemiologidistad™ 6/16/2020 210
Central OR cohort OR case control* OR case-control* OR crosssettional OR cross-
sectional OR clugier R environmental exposare™ OR ociipational exposure® QR
ecologic stud? R aggrépate smd* OR "pancreati¢! OR.“pancreds’ OR,
"hematologit malignancy" })}j

Science ((“dicamba"y ANE (itiman ANI¥ (fadverse health effectOR epidemiologic OR 10/13/2020 332
Direct cohort OR case-contral OR crosg:sectional OR cancer OR 'birth defect)))

* indicates fitication e it alternaté endt'ngs were sedrched)

Based'on the PECO criteria‘and:search terths describedabuve, the literature search aimed to identify
original, peesreviewed publicatisis on epidemiologic studies. Exclusion criteria were also identified
prior to colléetnig potentially reléyuit publicativns, Fublications were excluded for the following reasons:
not full text (e.g;; abstracts); not peei-feviewed; ot in English; non-human study subjects; in-vitro
studies; fate and transport studies; ouf¢ome other than human health effects (e.g., environmental
measures); experimental model system studies; no dicamba-specific investigation {e.g., general
insecticide}); no risk/effect gstimate reported (e.g., case studies/series); and no original data (e.g., review
publications).’” In addition; thé review focused on epidemiology studies and excluded publications on
acute poisonings and overexposure.

A key element of the inclusion/exclusion criteria hinged on the definition of “human health effect”
outcomes. For the purposes of the epidemiology literature review, OPP considered human health effects
via the toxicological paradigm presented by the NRC as pathologies or health impairments subsequent to
altered structure/function.'? Thus, studies with outcomes of altered structure {e.g., DNA alteration, sister
chromatid exchange, cell proliferation) or biomarker or other exposure outcomes (e.g., in breast milk,

12 While the search focused on original peer-reviewed publications, OPP does seek out and consider other sources of information
that are not peer-reviewed (e.g. letters to the editor, corrections, commentary) on a case-by-case basis when this information
provides clarification or other material findings or information of relevance to our evaluation of the literature.

1* Goldstein, B., Gibson, J., Henderson, R., Hobbie, I, Landrigan, P., Mattison, D., Perera, F., Pfitzer, E., Silbergeld, E., Wogan,
G. (1987). Biological markers in environmental health research. Environmental Health Perspectives, 7 (3-9).
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urine, cord blood, or plasma) that did not also include an associated health pathology (e.g., cancer,
asthma, birthweight) failed to meet the inclusion criteria for “human health effects” for the purposes of
this epidemiology literature review.

3.3.2 Supplemental Literature Search

To supplement the open literature search described above, OPP reviewed publications resulting from the
Agricultural Health Study (AHS) for publications that satisfied the inclusigfifexclusion criteria. The AHS
is a federally funded study that evaluates associations between pesticide gxposuges and cancer and other
health outcomes and represents a collaborative effort between the US:National Cancer Institute (NCI),
National Institute of Environmental Health Sciences (NIEHS), CIX(s National Institute of Occupational
Safety and Health (NIOSH), and the US EPA.

The AHS maintains on its website an electronic list of publications résulting fromy AHS studies using the
AHS cohort." These publications were imported into Eadnote, and Endnote was usedito run a full text
search (“Any Field + PDF with Notes”) for “dicambg’’ to.ensure all AHS publications relevant to the
epidemiology literature review were identified. AHS publi¢ations thatisatisfied the inclusion/exclusion
criteria as described above were selected for inclusion in the gpidemiology literature review,

The final phase of data collection was a reférence review of pubbigiitions captured in the open literature
search, the AHS publication search, and previgusly published OPP documents. References were
examined to identify relevant publications that werdinot captured in eithesithe open literature search or the
AHS publication search. Resulting publicationsifronttlugizeference review that satisfied
inclusion/exclusion criteria were selected for inclision iv'thie epidemiology liteiature.review.

3.4 Literature Search Results

The search of the open litgrature returned 577 publications across PubMed; PubMed Central, and Science
Direct and these publication§ were assepiibled into an EndMate Library (version x9) (15 duplicates and 62
AHS publicationsand were remioyed). Ten additional publications were retrieved through reference
review. Aitotal'of 500 unique publicationsiweriiretrieved froni the open literature. The supplemental
searchiofithe AHS EndNut¢ Database returned 104 piiblications that included the term “dicamba” in the
text. A total of 604 publications (500 open literature + 104 AHS publications) underwent title and abstract
screening'for potential relevance using the PECO criteria and exclusion criteria described in the
Systematic Literature Search section. Of these; 155 publications (51 open literature + 104 AHS
publications) wegsiselected for fullifext review biged on this approach, and of these, 77 (28 open literature
+ 49 AHS publications) were excluded because they did not include dicamba-specific analysis. A total of
78 publications (23 open literature + 55 AHS publications) were selected for literature review and
evaluation. A summary of the literature search and supplemental AHS search is provided in Figure 1
below.

14 Agricultural Health Study Publications: htips://a ssipublications.hitml
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Figure 1. Summary of Literature Search Results
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* Number of publications oh'ligiilth outcomes deiigii sum because some publi¢itions reporied on miiltiple outcomes in a single publication.

3.5 Literature Keview and Eyaluation Approach
3.5:8  Srudy Review and (unality Assessment

A total of 78 péer-reviewed epidemialogic publications were identified for OPP’s literature review and
evaluation. Eacli gublication was reyiéwed and'gelevant information was summarized on study design,
results, conclusions; the strengths and weaknesses of each study per the epidemiology framework (US
EPA, 2016), and recoitit details includitig the exposure measurement, outcome ascertainment, number of
participants (n), numbetigxposed/numbker of cases, number in reference (un-exposed/control) group, effect
measure (e.g., odds ratio (OR}; relatiyerisk (RR), hazard ratio (HR), beta coefficient (()) and associated
estimates of uncertainty and/or statistical significance (e.g., confidence interval (CI), p-value),
confounders considered, and methods of analysis. OPP considered these elements in assessing the quality
of each publication and its applicability to an overall assessment of the health effects associated with
dicamba exposure in terms of usefulness for regulatory purposes.

The assessment of study quality followed the OPP Framework. As shown in Error! Reference source not
found.3, the study quality assessment for regulatory purposes considered aspects such as design, conduct,
analysis, and interpretation of study results, including whether study publications incorporated a clearly
articulated hypothesis; adequate assessment of exposure; critical health windows; valid and reliable
outcome ascertainment; a sample representative of the target population; analysis of potential
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confounders; characterization of potential systematic biases; evaluation and reporting of statistical power;
and, use of appropriate statistical modeling techniques.

Table 3. Epidemiology Study Quality Considerations for Regulatory Purposes (Adapted from Table
2 in US EPA, 2016)

Exposure

Exposure assessment includes

Questionnaire based

Low quality questionnaire-

assessment information on dicamba or individual level informatigiy. | based exposure assessment,
metabolite in the body, on dicamba or ecologic exposure
quantitative air sample data, or assessment, with or without
high-quality questionnaire on validation
chemical-specific exposure
assessment during relevant
exposure window
Qutcome Standardized tool, validated in | Standardized todk, not Subject report, without
Assessment study population; or, medical | validated in population, or additional validation
record review with trained $eréining tool; or, medical
staff record review, methdds
unstated
Confounder Good control for important Moderately ‘godd control 6f, | Multi-variable apalysis not
control confounders relevant to confounders, stangard performed, no adjistments
dicamba study question, angd variables, not all Variables
standard confounders for dicamba study question
Statistical Appropriate to study questioni, | Agceptable methods, Minimal attention to
Analysis and design, supported by questiogiable study power statistical analyses,
adequate;sample size, {esp. subanalyses), analytic “i comiparisons not performed
maxdiizing useiof data, chinices that'Tose ot described clearly
reported well (ot selective) infogmation, not reporied
clearly.
Risk of (other) Major:gpurces of other Other spurces of bias Major study biases present,
bias (selection, potentialbisses not likely present,‘deknowledged but | unacknowledged or
differential present, present but analyzed, | not addressed in study, may | unaddressed in study, cannot
misclassifieation; | yntikely to inflyeice influence magnitude but not | exclude other explanations
other) maghilide and disection of thei} ditection of estimate for study finding

risk estimate

Note: Ovérall $tudy quality ranking based on compichensive assessment across the parameters.

Study design tiflitenced the assessient of study guiality. Cohort studies, which enable researchers to
assess the temporality of exposure 1t relation tg liealth outcome and to consider multiple health outcomes,
were generally considered higher quality than other study designs. Case-control studies, which are
susceptible to recall biag, were generally considered to be of lower quality than nested case-control
studies, which may be less stisceptiblé o selection and recall bias. Cross-sectional studies cannot
distinguish temporality for expasurgin relation to health outcomes; therefore, cross-sectional studies were
generally considered lower quality‘than cohort or case-control studies and were regarded as hypothesis-
generating in the absence of additional studies supporting an observed association. The lowest quality
study design considered was ecologic, due to an inability to extrapolate observed associations from the
group level to the individual level (ecological fallacy) inherent in the ecologic study design. Ecologic
studies were generally regarded as hypothesis-generating studies (US EPA, 2016).

Studies that characterized the exposure-response relationship (e.g., with a dose-response curve or trend
statistic) were, in general, considered higher quality than studies that did not characterize exposure-
response. Studies that specified temporality (i.e., those that determined exposure preceded a health
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outcome) and studies that specified and explored uncertainties in the analysis were, in general, considered
higher quality than studies that failed to specify temporality and studies that lacked an examination of
uncertainty. Consistent results between study groups (e.g., a significant and:positive association seen for
both farmers and commercial applicator study groups within a single studyj balstered the assessment of
study quality.

Risk estimates (estimates of effect) reported in epidemiological studies wergigenerally considered as
follows:

7. No evidence of a positive association between exposure ang outcome {(e.g;, QR < 1.00);
8. No evidence of a significant positive associagisitife.g., OR > 1.00 but not sigtiificant);
9. Evidence of a slight positive association (e.g., 1.08 ::0R < 1.3¢) and significant);

10. Evidence of a positive association (e.g., 1.30 < OR <Z0:and significant);

11. Evidence of a moderately strong (€.¢:;.2.0 < OR < 3.0 and'significant) or strong (e.g., @R > 3.0
and significant) positive association.}?

However, we recognize that results that fail to attain statigtical significancé piay still indicate clinical,
biological, and/or public health importance and miy warranf fiirther exploration (LIS'EPA, 2016). We
particularly noted large gbserved dssociations (e.g., QR > ~2.5) &ven in the abseriee of significance,
perhaps indicating a spiiller than‘opiimal sample size:

3.5.2 Categories of Evidence

The categorigs of évidence deséribed in Tible 4 are guided by several documents that have been
developetlby EPA'and others. These includéigs simain referenipe’a document developed by the Institute of
Medigine (now the Academies, of Sciene, Enginéeriniand Medicine)'® which detailed various
“Categories of Association™which describes guidance foridrawing conclusions regarding the overall
strength ofithie evidence that exigigregarding finy putative linkage between an exposure and a health effect
(I0M, 1998} Also considered in‘developing OPPis.categories of evidence were the NTP’s OHAT
document on sysfeimatic review andievidence infegration (Woodruff and Sutton, 2014), OPP’s
epidemiologic fratgwork document{lIS EPA,2016), and EPA’s Preamble to the Integrated Science
Assessments which sepveéas a scientifig foundation for the review of EPA’s National Ambient Air Quality
Standards (US EPA, 2016}

In this memorandum, each category'is assigned based on a case-by-case approach that considers the
weight of the epidemiological exidence and expert judgement and not a binding or inflexible formulaic
approach in deciding the number and/or quality of studies that would be necessary to assign a specific
evidence category. When assigning a level of evidence category to an exposure and the body of evidence

15 Although listed as OR (odds ratios) here, these characterizations are also applicable to risk ratios (RRs) and hazard ratios
(HRs). For publications that reported ORs, RRs, and HRs, the confidence interval (CI) acted as a proxy for significance testing,
with CIs that do not contain the null value (OR / RR / HR = 1.00) considered significant. P-value significance considered a
critical value of ¢ = 0.05 unless otherwise specified by the authors and noted in the summaries here.

16 JOM (1998). Veterans and Agent Orange Update 1998, National Academy Press. Washington, DC.
https://www.nap.edu'read/6415/chapter/]. Some of this material is derived from and/or consistent with U.S. Department of
Health and Human Services. The Health Consequences of Smoking: 4 Report of the Surgeon General. Atlanta, GA: U.S.
Department of Health and Human Services, Centers for Disease Control and Prevention, National Center for Chronic Disease
Prevention and Health Promotion, Office on Smoking and Health, 2004 and its Chapter 1 “Introduction and Approach to Causal
7777777 1.nih.gov/books/
recent National Academies publication from 2018: National Academies of Sciences, Engineering, and Medicine 2018, Gulf War
and Health: Volume 11: Generational Health Effects of Serving in the Guilf War. Washington, DC: The National Academies
Press. hitps:/doi.org/10.17226/25162.

Page 14 0f 194

CBD v. EPA (1:21-cv-00681-CJN) ED_005427A_00024610-00014



pertaining to that health effect, the level of quality of the studies available in the peer-reviewed literature
for that health effect, the strength of the associations (effect sizes) and consistency of the association in
magnitude and direction across available studies was considered, as described in OPP’s epidemiologic

framework document.

Table 4. Tier II Epidemiology Studies Categories of Evidence

Sufficient
Epidemiological
Evidence of a
Clear Associative
or Causal
Relationship

Sufficient epidemiological evidence to suggest a clear gs§octutive or causal relationship
between the exposure and the ouicome.

There is high confidence in the available evidenceito'sugest that a clear associative or
causal relationship exists between the exposurgand the health outcome of interest. Studies
are minimally influenced by chance, bias, and confounding; Rurther, additional
epidemiological data, evidence, or investigations are unlikely o substantively affect the
overall magnitude or direction of the gbservedassodiation or résultiin a meaningful change
with respect to any conclusions regaiding this association.

This level of evidence might be:i¥et, fir example, if several high- or mibdérate- quality
studies on different study populations;ibyidifferent atithors, in different sét{irigs, and/or
using different epidemiological study detigs that are likely to be minimally'ifluenced by
bias and confounding show a clear associative br catisal rélationship that is corsisterit
among studies with re§pect to magnitude and direetion of efféot sizes. Such evidence is
strengthened when one'ar fhore high- or moderateiguality studies also demonstiate dose-
response trends with the Finge of these doses (exposrgs) considered sufficient to cover
the range of expected human expasie levels (including the high end) and the evidence

Limited but
Insufficient
Epideniiological
Evidénge of an
Association

Limitedibut insufficient epidemiolpgical exidentciito conclude gt there is a clear
agsociative or.causal relationshipbetween the exposiine and the outcome.

Thete is some confilence that the available evidence accurately reflects a clear association
between, the exposiie and the outcome;but the evidengs is limited because the studies are
of insuffiéient quantity, quality, (interaljvalidity, or consistency or because chance, bias,
and confounding could not be ruled out with confidence. While the present body of
ewidence sugpestsithata iéationship betweeriigxposure and disease outcome may possibly
existiadditional high- or niaderaterguality épidemiological data, evidence, or
investigations couldiaffect the overallmiggnitude or direction of the observed associations
and might fesult in Fmeaningful change'to this level of evidence category.

This level afievidence category might be met, for example, if the body of evidence is: (1)
based at leastipn one high-quality study suggesting a statistically significant relationship
and the results"of ther high '6F moderate quality studies are mixed, contradictory,
imprecise, ambigiious, or ificonsistent; (2) based on several moderate-quality studies
whiich show a relationship between exposure and outcome that is less pronounced than in
(1); 0k:(3) based pn many studies (both moderate and possibly low-quality studies)
showinga generally consistent direction and for which additional and more thorough
analysis would be needed to make the determination of a relationship.
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Insufficient epidemiological evidence to conclude that there is a clear associative or
causal relationship between the exposure and the outcome.

There is minimal confidence in the available evidence that the findings accurately reflect
an association between the exposure and the outcome because the studies are of
insufficient quantity, quality, (internal) validity, consistency, or statistical power to permit
a conclusion to be reached, and/or chance, bias, or confounding may play an important
role and cannot be ruled out. Further, additional high- or moderate-quality epidemiological
data, evidence, or investigations could substantively affgét thie overall magnitude or
direction of any observed associations.

Insufficient
Epidemiological
Evidence of an
Association
This level of evidence category might be met, forgxaniple, if the body of evidence is: (1)
too small to permit conclusions, such as when there are'ig available studies to validate or
corroborate the findings of a single moderate- ot low-quality study; (2) based entirely on

one or more studies judged to be of low-giiality; ok (3) based'an multiple moderate- or
low-quality studies, but the heterogengity of éxpgsutes, outcomes, and methods leads to
mixed, conflicting, imprecise, ambigiious, or contradictory conclusiags,

No epidemiological evidence to conclide.that there'is a clear associativé oficausal
relationship between the exposure and the gutcome.

No There is no epidemialogical evidence to suggest:the préseitee of an association betiveen an
Epidemiological | exposure and outcome;
Evidence of an

Association This level of evidence catégoiy. might be met, for éxginple, if the body of evidence

consists of high- or moderaté-quality studies that show ni.evidence of a statistically
significant association and géperally appear to have small gffect sizes, and/or for which
chance, bias, or confounding miay playsnimportant role.

Sufficient'epidemiological eviderice to suggest theréiis no causal relationship between the
exsiosure and the Butcome.

Thereiis high confidence in the available evidence to suggest there is no causal
relationship between the exposure and th outcome. The studies are minimally influenced
by chancg, hias, and confounding, and it is;unlikely that additional epidemiological data,
evidence, or ivestigatiohs.would meaningfully affect the current overall magnitude,

Sufficient . ! ot
uftic direction, or conclusionsaboutthe associatign:

Evidence of No
L ausal Thisdeselof evidenge category might be met, for example, if at least one high-quality
Relativnship study with adequate poswer (e.g., >80%) to detect a meaningful effect size determined to
be of substantive importanie fails to show an effect and no other high or moderate quality
studies provide affirmative evidetice against this null result. In addition, data would also
exist that suggestsno significant dose-response trends are present with the range of these

doses (exposures) considered sufficient to cover the range of expected human exposure
levels (including the high end) and the evidence base consists of a least one high-quality
progpective cohortistudy.

3.5.3 Background and Quality Considerations for the Agricultural Health Study

Many studies reviewed in this memorandum are part of the Agricultural Health Study (AHS). AHS isa
federally funded effort begun in the early 1990s that evaluates associations between pesticide exposures
and cancer and other health outcomes. The participant cohort includes more than 50,000 licensed private
(farmer) and commercial pesticide applicators from Iowa and North Carolina in addition to their spouses
(for a total of more than 90,000 participants). The AHS is a prospective cohort design in which
enrollment occurred from 1993 - 1997; data collection is ongoing from both applicator and spousal
participants. Because the AHS is a prospective cohort design, this means that much of the exposure
information is collected prior to the diagnosis (or detection) of the disease, and this can potentially limit
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to a substantial degree issues potentially related to (case) recall bias which can be a serious
methodological weakness of many case-control studies. Such recall biases can be common among case-
control designs where individuals that are either diseased (cases) or not (controls) are asked about their
exposure histories. To the extent that cases and controls can differentially recall such exposures, such
case-control designs can be subject to considerable biases. For the nested case-control studies within the
AHS, this can potentially lead to recall biases depending on the degree to which either the study collects
information from farmers (or next of kin) after the disease diagnosis and whether cases and controls are
asked to provide supplemental information or more detailed questionnaires regarding exposure history or
other practices. Cancer determination in the AHS is through cancer registrigs.in the states of IA and NC
and are considered reliable.

‘While the AHS generally provides high quality information with r¢liablé data regarding pesticide usage
and lifestyle factors and information on specific pesticides rathet than simplyipesticide classes or groups,
collecting such exposure information can be complex and it ¢an be'difficult to judge its validity or
reliability. The AHS has been reviewed in this regard andshas been found to be gererally reliable: the
study design/questionnaire is particularly advantageous because it collects informatig,on individual
pesticides -- and not just groups or classes of pesticides s is characteristic of a numbet of other
epidemiology studies. But individuals -- particularly over g mumber ofiyears or decades “jie exposed to a
number and variety of pesticides which can complicate epidemiological snalyses by introducinig
confounders or sometimes “collinearity” whereby it can be difficult o #5olédte causal or suggestivéifactors
contributing to disease. In addition, field stifdies have shown widé variation in work and hygienic
practices among farmers (and farm workers}iandexposures — espectally:exposures over long time periods
time — and can thus be difficult to accurately assess. The AHS does have i place an algorithm that
attempts to account for certain work or hygienicipractices by adjusting estimated exposures to account for
use by farmers of personal protective equipment and practicesithis algorithni ¢ansidered such work and
hygienic practices, includitig the inix of activities performed:{eie imixing/loading'vs. application) and
provides exposure estimtes on bath a.cumulated (lifegime day)- and intensity-weighted cumulated
(intensity-weighted lifetitne day)- basis; Nevertheless, the  AHS algorithnis assume that total (cumulated)
lifetime exposure depends gi the multiplicative product of annual frequeticy of applications by a farmer
and the associated number of years of application and this may not be strictly true and could
systematically fivérestimate or uiderestiniate exposures. Too,mse practices such as application equipment
and metlipds Tor a'given pesticide’ean change over fime, in addition to formulations (and farming
practiges in general) which ¢an add additional uncériainties with respect to any assessment of cumulated
exposre,

3.6 Literature Review and Eyaluation . {_ Deleted: <#>: )]
h Deleted: <#> Section Break (Next Page) )

This section presenis a review and evgliiation of the epidemiologic literature on the potential association
between dicamba expiistire and carcinggenic and non-carcinogenic adverse health outcomes. The review
and evaluation of the avajlgble literatuyze is organized by carcinogenic and non-carcinogenic adverse
health outcomes. For each'af the healtl outcome sections, individual study publications are summarized
and then an overall evaluationof¥findings is characterized. Appendix B provides a tabular summary of all
the studies reviewed, with respéct'to their design, methods, results, and study quality organized by health
outcome.

3.6.1 Carcinogenic Health Qutcomes

For carcinogenic health outcomes, EPA conducted a review of 33 ,publicayions that investigated the "(Deleted: studies t :)
relationship between dicamba exposure and 27 carcinogenic effects including: all cancers combined,

bladder cancer, brain cancer, breast cancer, cancers of the large intestines, esophageal cancer, laryngeal

cancer, lip cancer, liver and intrahepatic bile duct cancers, lung cancer, lymphohematopoietic cancers,
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melanoma, pancreatic cancer, prostate cancer, cancer of the small intestine, soft tissue sarcoma, stomach
cancer, testicular cancer, tongue cancer and tonsil cancer. These 33 studies for these health outcomes are

described below.

Cancer (all sites)

Three publications (Flower et al., 2004; Samanic et al., 2006; Lerro et al., 2020) evaluated the relationship
between dicamba exposure and all cancers in adults and in children.

. iFlewer e\t al. (2004), investigated the risk associated with dicapiba exposure and childhood cancer

~f Commented [JES]: There

(anty cancer) as a result of previous parental occupational expastires 1o pesticides including dicamba
using data from the AHS. Parents participating in the AHS were identified wia enrollment
questionnaires (1993-1997), and cases were defined asighiledren of AHS studyiparticipants in Iowa,
who were bom in 1975 or after, and were diagnosed with cancér according toithe:Surveillance,
Epidemiology, and End Results (SEER) childhogid ¢ancer classification at the age 6f< 19 years."”
Childhood cancer cases were determined both tetrosgegtively antlprospectively following their
parent’s enrollment within the AHS (1993-1997), and each case was.ascertained usingbirth
certificates and linkage to the state cancer registry. A seltifeported guestionnaire detailing pestigide
usage during study enrollment was cotnpleted by AHS farniers and their wives, including the
application and mixing of 50 specific pésticides. Logistic regréssion was used to calculate’©ORs and
95% ClIs for dicamba ever exposure and afl ¢hildhood cancers, adjsted for child’s age at enrollment.
Of the 17,280 children included in the analysis, 4,942 (29%) were expased to dicamba through
parental (mother and/or father) dicamba everiise while firegnant. Of theistal 50 childhood cancer
cases identified in the study,nine cases reported: parental divamba exposuré and subsequent childhood
cancer in their offspsing. Noievidence of a positivie assgeiation was, observed between parental
dicamba exposusg and childhood ¢ancer among a vignysmall (n <48} numiber of cases (OR = 0.69;
95% CI: 0.32, 1°48; 5 9 exposed ¢ases).

The quality.of the study wis ranked moderate based on'the study quality criteria provided in the OPP
Framewiork: Studystrengthsinelnded the study design, the asgertainment of cases using the cancer
regisiry and birth'certificate data, and the retiuspective andiprospective means used to identify cases.
A biain limitation of the study inchuded the indirect exposure measurement (parental self-reported
dicarhba use). Study authérs reportedithiy exposure did precede all childhood cancer cases, however
the tinie frame between parental: self-reported dicamba exposure and duration of use extended up to
ten years, aking it difficult to identify the frig'window of dicamba exposure — e.g., prior to
conception o prior to the birth efithe child,

Samanic et al. (2006) examined the association between dicamba exposure and several cancers,
including all cancers atnong pestivide applicators in the AHS prospective cohort. The study
population included maléipesticide applicators living in Iowa and North Carolina who completed the
AHS enrollment questionngires and had complete data on dicamba and covariates. Cases of incident
cancer (first primary cancér) diagnosed between enrollment (1993 - 1997) and December 31, 2002
were identified via linkage to state cancer registries. Those who reported cancer at the time of
enrollment (n = 1,075) or were missing information about dicamba (1 = 6,362); or missing
information about covariates (n = 6,608) were excluded from the analysis. Females were excluded
from the analysis because there were only four cancer cases among female participants. Pesticide
exposure was assessed using responses about pesticide exposure captured on the enrollment
questionnaires. Poisson regression was used to estimate individual RRs and 95% CIs, for the

17 Ries LAG, Smith MA, Gurney JG, Linet M, Tamra T, Young IL, et al., eds. 1999. Cancer Incidence and Survival among
Children and Adolescents: United States SEER Program 1975-1995. Bethesda, MD: National Cancer Institute, SEER Program.
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association between dicamba exposure and several cancers, adjusting for age, education, state of
residence, smoking (pack years), family history of cancer, and total lifetime days of pesticide
application. Lifetime exposure days were grouped into tertiles on the basis of the distribution among
all cancer cases combined and the highest tertile was divided at the median to create the following
categories for lifetime exposure days for all cancer types: No exposure, 1 to <20 days, 20 to <56
days, 56 to < 116 days, and > 116 days. For the intensity-weighted lifetime exposure days analysis,
categories of exposure included no exposure, 1 to < 86.6, 86.6 to < 344.3, 344.3 t0 < 739.2, and >
739.2 intensity-weighted days. Among the 41,969 male pesticide applicators included in the analysis,
22,036 (52.5%) reported exposure to dicamba. Of the 1,694 cancer casg$included in the analysis, 807
reported exposure to dicamba. No evidence of a significant positiveassociation was reported for
lifetime days of dicamba exposure at all exposure levels and all ganéers with the no exposed group
and the low exposure group as the referent (0.90 < all RRs < il 8: al}:95% CIs encompassed the null
value of 1.0; with n = 157 - 254 exposed cases per exposure¢ategory; ‘allip-trends > 0.05). Similarly,
no evidence of a significant positive association was repgited for all exposute categories of intensity-
weighted lifetime exposure days of dicamba and all gancers with the no expesgid, group and the low
exposure group as the referent (0.90 < all RRs < 145 all 95% CIs encompassed ithe null value of 1.0;
withn = 131 - 278 exposed cases per exposure gategory; all p-trends > 0.05).

The quality of the study was ranked moderate based on the study quality criteria provided iinthe OPP
Framework. The ranking was based op the general strengths ofithe’ AHS,\including its prospestive
design, ability to identify cancer cases through linkage to cancer registries, and exposure agsessment
approach which examined cumulative lifetimesexposure to dicanibyi;Limitations were noted including
the fact that the authors did not correct for/adust for multiple comparison/multiple testing and that we
would expect several statistically significantiesultsito ge away after sugltstatistical adjustment.
Results from the ever/neyer nse analysis were #ipt reported.

¢ Lerro et al. (20205 investigated'thie association betwes dicamba expasisé and several cancers
including all cancers gombined usingidata from the AHS prospectivee¢ohort. The study population (n
=49,992) consisted of pesticide applicators living in Tewa and North Carolina who were enrolled in
the AHS cohort and who reported information on dicanilia exposure at enrollment and follow-up.
Incidetiticancer cases were identifiedisin-lowa and Northi@drolina state cancer registry files from
enroliment (1993-1997) through Decembeér2014:in North Carolina and December 2015 in Iowa.
International Classificstion:of Diseases for Oncology (1€D-0-2) codes were used to classify cancer
sitesiPDigamba exposure was assesseditlirough the enrollment questionnaire (1993 — 1997) and the
first folows-up interview five vears afterentollment (1999 — 2005). Multiple imputation was used to
estimate pestigide exposures atifollow-up far individuals who did not complete the interview (n = 20,
968, 37%). Paissen regression was used to galculate relative risks and 95% confidence intervals for
each category ofiiitensity-weighted days of dicamba use compared with no use, adjusting for age,
race, sex, smoking; stite, applicator type, education, imazethapyr use (Spearmen p = 0.49), and
family history of cancer The analysis for all cancers was also adjusted for pack-years smoked.
Cumulative intensity-weightedidays were categorized as no exposure or quartiles of intensity-
weighted days of exposure'gimong all incident cancer cases for sites with >20 exposed (no use, 5.0 —
449.5 days, 449.6 — 1260.¢/days, 1260.1 — 3,698 days, >3,689 days) or based on the median, as no,
low or high exposure for cancers and subtypes with 10-20 exposed cases (no use, 5.0 — 1,260.0 days,
> 1,260.0 days). Among the 49,922 applicators, 26,412 (52.9%) reported dicamba exposure and
among the 7,491 all cancer cases combined, 3,770 reported dicamba exposure. No evidence of a
significant positive association was reported for any exposure category of dicamba intensity-weighted
lifetime days of exposure and all cancers among pesticide applicators in the AHS (0.93 <RR < 1.01;
all 95% Cls encompassed the null value of 1.0; with n = 941 — 944 exposed cases per exposure
category), with the no exposure group as the referent.
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The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. The general strengths of the publication included the underlying prospective
design of AHS, focus on U.S. agricultural populations, and availability of a U.S. registry to
comprehensively identify cancer cases. Lerro et al. (2020) indirectly assessed dicamba exposure
based on the AHS survey instrument. Limitations were noted including the fact that the authors did
not correct for/adjust for multiple comparison/multiple testing and that we would expect several
statistically significant results to go away after such statistical adjustment. Results from the
ever/never use analysis were not reported. We note also that

EPA Conclusion

Overall, there is insufficient epidemiological evidence at this timg to conelude that there is a clear
associative or causal relationship between dicamba exposure and‘all cancers ainong adults and children.
This determination is based on a limited body of evidence that bonsisted of oné ise-control study on
children and two cohort studies on adults that were ratedimoderateiquality. Floweren.al. (2004), leveraged
the AHS cohort to examine the association between patental exposure to dicamba atigd ¢hildhood cancer
and reported no evidence of a positive association,amongia very small number (n < 10} of potentially
exposed cases based on paternal self-report of dicamba usé) As such, the effect estimate wasrelatively
imprecise and based on an indirect exposure assessment approaeh thatimai.not fully reflect the kxposure
experience by children. In addition to thefsgall number of casesiwith indirect-dicamba exposurg,the
study was unable to assess direct dicamba expasure among the chiléheen; instead, the study relied on
father’s (pesticide applicator’s) self-reported'dicatiiba use. Furthermore ifor the father’s self-reported
exposure, the time frame of pesticide exposureiand diration of use exterided up to ten years, making it
difficult to identify the specific window of time when expasure to specific pesticides actually occurred —
e.g., prior to conception or prior.to the birth of the'child. However, the study authois reported that
exposure did precede all ¢hildhood cancer cases. Finally, the very sniall numbeg 6f exposed cases (n =9)
severely restricts the gbility to interpret.with confideneé thé observedioddsratio.

Two additional AHS studiesi¢Samaniciefal., 2006; Lerroigt al., 2020), intvestigated the relationship
between dicamba exposure and all cancers among adult pesticide applicators enrolled in the AHS
prospective cobort and.both reported o evidence of a significgntpositive association between dicamba
exposurg and all cancers. Several strengths were 1niated in both studies including the prospective cohort
studyidesien as part of the AHS and the dscertainment of ¢aticer using established cancer registries. The
study quiality, of both studies"wasimoderate as both studiesidid not correct for multiple comparisons and
we would ‘expict several statistically significai results to go away after such statistical adjustment.

Bladder cancer

Three publications (Samaiic et al., 2006; Koutros et al., 2016; Lerro et al., 2020) examined the
association between dicariibalexposugeiand bladder cancer. Results from Lerro et al. (2020) for bladder
cancer all: 1) were not statisticallysienificant; i) had RRs < 1.5; and, 1ii) displayed no trends, and were
thus reported separately in Appendix C.

e Samanic et al. (2006) examined the association between dicamba exposure and several cancers,
including bladder cancer among pesticide applicators in the AHS prospective cohort. The study
population included male pesticide applicators living in ITowa and North Carolina who completed the
AHS enrollment questionnaires and had complete data on dicamba and covariates. Cases of incident
cancer (first primary cancer) diagnosed between enrollment (1993 - 1997) and December 31, 2002
were identified via linkage to state cancer registries. Those who reported cancer at the time of
enrollment (n = 1,075) or were missing information about dicamba (n = 6,362); or missing
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information about covariates (n = 6,608) were excluded from the analysis. Females were excluded
from the analysis because there were only four cancer cases among female participants. Pesticide
exposure was assessed using responses about pesticide exposure captured on the enrollment
questionnaires. Poisson regression was used to estimate individual RRs and 95% CIs, for the
association between dicamba exposure and several cancers, adjusting for age, education, state of
residence, smoking (pack years), family history of cancer, and total lifetime days of pesticide
application. Lifetime exposure days were grouped into tertiles on the basis of the distribution among
all cancer cases combined and the highest tertile was divided at the median to create the following
categories for lifetime exposure days for all cancer types: No exposurg; }.to < 20 days, 20 to <56
days, 56 to < 116 days, and > 116 days. For the intensity-weighted Jifetimeiexposure days analysis,
categories of exposure included no exposure, 1 to < 86.6, 86.6 to:#344.3, 34473 10 < 739.2, and >
739.2 intensity-weighted days. Among the 41,969 male pestigiile appligators included in the analysis,
22,036 (52.5%) reported exposure to dicamba. Of the 72 bladder cancer gases included in the
analysis, 29 reported exposure to dicamba. No evidence:0f:a positive associgtion was reported for any
exposure level of lifetime days of dicamba use and ingensity=weighted lifetime tlays of dicamba use
with the no exposed group as the referent (0.46 < gl RRs < 0.89; all 95% ClIs eii¢ompassed the null
value of 1.0; with n = 4 - 13 cases per exposure:éategory; all p-trends > 0.05). Forithe lifetime days
analysis with the low exposed group as the referent, ng evidence 6f a significant positive,association
was reported (1.11 < all RRs < 1.39; all 95% CIs encorfipased theinill value of 1.0; withift=6 -9
cases per exposure category; all p-trend > 0.05). For intensigiweightedlifetime days of dicamba use,
with the low exposure group as the refesgnt, evidence of a positive association was reportedin the
middle exposure group with the low expositte.group as the refereptiamong a very small number of
cases (344.25 - < 739.2 days — RR = 1.70;95% €¢1; 1.548, 5.27; with .= 6 exposed cases). No
evidence of a significant positive associationwas‘tepérted for the other two exposure categories of
intensity-weighted lifetime exposure days witliithe low gxposure group asithie seferent (0.94 < all RRs
< 1.95; all 95% Cls eg¢ompassed the null valueipf 1.0; wathin .4 - 13 casés per exposure category;
all p-trends > 0.05)

The quality of the study was ranked moderate based 61 the study quiality criteria provided in the OPP
Framework, The ranking'wis based on the general strengths of the AHS, including its prospective
designyability 10identify cancér cases flirouch linkage to Gancer registries, and exposure assessment
approdch which examined cuniulafive lifetimeiexposure tedicamba. Limitations were noted including
the fact that the authors did not corget for/adjust for miultiple comparison/multiple testing and that we
wotild expect several statistivally significant results t6'go away after such statistical adjustment.
Results from the ever/neveriisé analysisiwere not reported. We note the very small sample size.

e Koutros et al:{2816) investigatéd the association between pesticides, including dicamba, and bladder
cancer incidence;among study pattigipants in the prospective AHS cohort. The study population
included male pesticide applicators in lowa and North Carolina, with incident bladder cancer cases
identified through canegriregistryifiles in Iowa and North Carolina through 2011. Pesticide exposure
was assessed via two selfzadmisiistered questionnaires, one administered during study enrollment and
a second follow-up questionngire administered five years after enrollment. Investigators used this
questionnaire data to estimate intensity-weighed lifetime days of use, with exposure category cut-
points at 227.5, 760.25, 2,016, and 6,734.67 days of dicamba use. Poisson regression was used to
calculate RRs, adjusting for age, race, state of residence, pack-years of cigarettes, and pipe smoking.
Among the study population (n = 54,344), 321 bladder cancer cases were reported, and 125 cases
reported exposure to dicamba. No evidence of a positive association was reported between dicamba
exposure and bladder cancer (RR = 0.84; 95% CI: 0.62, 1.14) based on ever/never use. For the
intensity-weighted lifetime days of exposure analysis, no evidence of a positive association was
reported between dicamba exposure and bladder cancer in any exposure category (0.70 < all RRs <
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0.92; all 95% CIs encompassed the null value of 1.0; with n = 31 - 32 cases per exposure category; p-
trend > 0.05).

In additional analyses of intensity-weighted lifetime days of dicamba use stratified by smoking status
(never, former, and current smoker strata), no evidence of a significant positive association was
reported between any exposure category of dicamba exposure and bladder cancer risk among never,
former, and current smokers (0.23 <RR < 1.14; all 95% Cls encompassed the null value of 1.0; with
n =2 - 20 exposed cases, p-trends > 0.05). Evidence of a significant negative association was reported
between the highest exposure category of current smokers and bladdegicancer and was based on a
very small number of exposed cases (RR = 0.23; 95% CI: 0.05, 0.9&; with n'= 2 exposed cases; p-
trend = 0.05) and an inverse exposure-response trend was reported for current smokers. Likelihood
ratio tests to assess the differences between the never, formepgmokinig strata found no evidence of
effect modification by smoking on the relationship between dicamba expasure and bladder cancer (p-
interaction > 0.05).

The overall quality of the study was ranked high ased on the study quality critegigprovided in the
OPP Framework. The ranking was based on the'géneral strengths of the AHS, incliding the
prospective study design, ability to identify cancer casesithrough linkage to cancer régistries, and the
pesticide exposure assessment.

e Lerro et al. (2020) investigated the assoggtion between dicamba gxposure and several canéers
including bladder cancer using data from'thé AHS prospective coligrt, The study population (n =
49,992) consisted of pesticide applicators living in Tewa and North Carglina who were enrolled in the
AHS cohort and who reported information otidicanibg gxposure at enrollinent and follow-up and is
described in greater detailiinithe Cancer (all sités) section aboye. Briefly, ingident cancer cases were
identified from enrollment (1993-1997) through"Decepiber 2015 and dicaniba exposure was assessed
through the enrollinent and 5-year follow-up mtervigw questionnaires: Poisson regression was used to
calculate relative risks and 95% canfidence intervals for each categary of intensity-weighted days of
dicamba use comparediwith no use;adjusting for age, tace, sex, smoking, state, applicator type,
education,imazethapyr use{Spearmen p = 0.49), and family history of cancer. Among the 49,922
applicitors; 26412452 .9%) teportedidicamba exposure andurhong the 374 bladder cancer cases, 191
repérted dicamba‘éxposure. No'evidence ot significant positive association was reported for any
exposure category of diciinba intetigity-weightedidifetimne days of exposure and bladder cancer among
pesticide applicators in the AHS (0.77. 2 RR < 1.16; all 95% Cls encompassed the null value of 1.0;
with n%40,— 54 exposed casgs per exposute category), with the no exposure group as the referent.

The overall guality of the study was ranked inoderate based on the study quality criteria provided in
the OPP Framework, The general girengths the prospective design of AHS, focus on U.S. agricultural
populations, and availability of a ¥.8. registry to comprehensively identify cancer cases and the
exposure assessment.“We.note that authors did not correct for/adjust for multiple comparison/multiple
testing and we would expect.several statistically significant results to go away after such statistical
adjustment. Results from the ever/never use analysis were not reported.

EP4 Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationship between dicamba exposure and bladder cancer. This determination was
based on three publications (Samanic et al., 2006; Koutros et al., 2016; Lerro et al., 2020) that
investigated the potential association among the AHS pesticide applicators. Samanic et al. (2006) reported
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evidence of a positive association in the middle exposure category of intensity-weighted lifetime days of
dicamba use with the low exposure group as the referent among a very small number of cases. And, no
evidence of a significant positive association between dicamba exposure and bladder cancer in any
exposure category of intensity-weighted lifetime exposure days and lifetime exposure days with the no
exposed group. The quality of the study was ranked moderate. Lerro et al. (2020), reported no evidence of
a significant positive association for any intensity-weighted lifetime days of dicamba exposure category
and bladder cancer with the no exposure group as the referent among pesticide applicators in the AHS
with longer follow-up time and more cases. Both Samanic et al. (2006) and Lerro et al. (2020) were
ranked moderate study quality and multiple comparisons without adjustmesit;for multiple comparisons
was considered a limitation. The third publication, Koutros et al. (2016); reported no evidence of a
positive association between dicamba exposure and bladder cancer amiong AHS pésticide applicators
based on ever/never use. Further analyses that considered intensityiwerglited lifetime days of dicamba use
and intensity-weighted lifetime days of dicamba use stratified byisimoking §tgtus (never, former, and
current smoker strata), reported no evidence of a significant pigsitive, associationbetween dicamba
exposure and bladder cancer, with no evidence of statistigally significant p-trends; The quality of the
study was ranked high.

Brain and Spinal Canecer (Glioma)

Three studies (Lee et al., 2005, Yiin et ali32012; Lerro et al., 2028y kvaluated:the association between
dicamba exposure and glioma

e Lee etal. (2005) investigated the associatiofi:bétween farming and agrigisltural pesticide use,
including dicamba, and glioma in the Nebraska Health Study 11, a case-¢anitrol study of adults in
eastern Nebraska. Thestidypopulation included white residents of eastern Mebraska, >21 years old.
Cases of incident priinary glionia diagnosed between Jily 1%1988 and June 30" 1993 with
histological confizmation were tdentified using the:Mebraska Cancer Registry and participating
hospitals in Liricoln"arid,Omaha. Controls for the curyent study were randomly selected from the
control group of a previous.study covering the same base population and were frequency matched by
age, sex,.and:vital status toithe combined distribution of'fhe glioma, stomach, and esophageal cancer
casegi Idemnoeraplig: medicabinyd fansly bistory, occupationil, and, pesticide exposure information
(fof those who lived or worked 6n farm) wasigollected via telephone interview conducted during
19921994, Pesticide expasure information was Timited to use prior to 1985, the time period of the
previousistudy. Interviews weire conduitied for 251 cases and 498 controls; however most interviews
were cotidticted via proxy (76% of cases; 68% of controls) who were primarily spouses (45%) or
other priméryirelatives (46%). Uneonditional logistic regression was used to calculate ORs and 95%
CIs for farming getivity and for individual gesticide use, adjusted for age, respondent type, and sex,
with the non-farhijers as a reference group. Among the 251 cases and 498 controls included in the
final analysis, 11 casgg:and 26 coitiols reported dicamba exposure. No evidence of a significant
positive association wis feportedifor dicamba ever use and glioma among farmers in Nebraska (OR =
1.20; 0.50, 2.70; with n =i} |'exposed cases). When stratified by type of respondent, no evidence of a
significant positive associatjost was reported between dicamba ever use and glioma among those cases
who had a proxy respondefit (OR= 2.00; 95% CI: 0.70, 5.70; with n = 8 exposed cases and n =13
exposed controls). No evidence of a positive association was reported among cases who completed
the interview themselves (OR = 0.50; 95% CI: 0.10, 1.90; with n = 3 exposed cases and n = 13
exposed controls).

The quality of the study was ranked low quality based on the study quality criteria provided in the
OPP framework. The study had several important limitations related to its design, exposure
assessment approach, statistical analysis, and ability to control for confounding. With regard to study
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design, Lee et al. (2005) used a case-control approach and may have introduced selection bias when
recruiting their control group. Differences between the results for the self-reporting respondents and
the proxy respondents illustrate the possible problem, as the control groups for each of these
respondents were constructed differently and each could be biased in a different way. In the analysis,
the reference group for the statistical tests was non-farmers, even though the pesticide use questions
were not asked of non-farmers. As a result, the results for pesticides are confounded with farmer
versus non-farmers and control groups with different proportions of farmers will result in different
statistical results. The use of respondent-reported dicamba use to ascertain exposure introduced
further uncertainty because it is not possible to attribute the increased gdds of glioma to dicamba
exposure alone. In particular, the self-reporting and proxy responderits havédifferent levels of
knowledge about pesticide use and possibly different motives foriresponding. Moreover, self-reported
exposure assessment is likely to be subject to differential misglassification because study participants
may incorrectly recall previous pesticide usage. In addition t¢these limititions, we note the small
number of exposed cases restricts the ability to interpretith canfidence thezeported odds ratios.

® Yinn et al. (2012) investigated the association between pesticides, including dicamba, and glioma
among rural pesticide applicators enrolled in the Upper Midwest:Health Study (UMHS) a population-
based case-control study. The study population included participants, residing in four States
(Michigan, lowa, Wisconsin, and Minnesota), aged 18 — &8 (between ascertainment/diagnasis, in:1995
through January 1997). Cases of histélogically confirmed ghgisia were identified via participating
medical facilities, oncologists, and neurgsirgeons in the area, andistate cancer registry wasichecked to
capture any missed diagnoses. Controls mighided participants aged 18— 80 years old, with or without
a self-reported history of cancer other than‘glioma who were randomily selected from state driver’s
license/nondriver ID records and from Health:Care Btincing Administrgtions Medicare data within
10 year age group as determined by the age disfributiort'¢f glioma cases i thiistate from 1992 —
1994. Controls werg:frequency imatched to caseshy statgi Pesticide exposupg (cumulative use and
lifetime intensity sveighted) throueh 1992 was assegsed using inforhgtion:collected on an
interviewer-adniinistered questionnaire. Demographie information ant occupational and medical
histories were also colleeted via the girestionnaire. Ungonditional logistic regression was used to
estimate ORs and 95% CHs for the gisociation between ¢umulative years and estimated lifetime
cumulative exposure of farmipesticide useand glioma; adjusted for 10-year age group, sex, age, and
edugation (less thaw high school, high schogl ginduate, college graduate). Proxy respondents were
ysedin this study in the event the'eades were deéegsed 6r impaired and unable to participate in the
study; & separate analysisiwas condueted with and without proxy respondents, in an effort to examine
any diffgrénces that may existi Among thei778 and 1,175 total cases and controls, 228 (29%)) glioma
cases and 41 7.(35%) controls teported exposuie to pesticides while being on a farm. A farther
analysis within this study then [goked at the relationship between pesticide exposure including
dicamba among stidy participants whose occupation was not farm-related. Of the total 65 cases and
34 controls who réported pesticidg gxposure in non-farm jobs, 4 cases and 10 controls reported
dicamba exposure anioig the sample population that included proxy respondents. No evidence of a
positive association wasireported for dicamba exposure and glioma among non-farm applicators (OR
= (0.55; 95% CL: 0.17, 1.79¢ with n = 4 exposed cases and n = 32 exposed controls). Similarly, no
evidence of a positive assogtation was reported between dicamba exposure in non-farm jobs and
glioma among non-farm applicators, when proxy respondents were excluded (OR = 0.81; 95% CI:
0.21, 3.10; with n = 3 exposed cases and n = 10 exposed controls). An additional analysis evaluated
pesticide use among cases who reported home and garden pesticide usage. A total of 399 cases with
proxy respondents and 204 cases without proxy respondents reported pesticide exposure throughout
the home and through gardening, and no evidence of a positive association was reported between
dicamba exposure and glioma in either analysis (Proxy respondents included - OR = 0.76; 95% CI:
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0.47, 1.24 with n = 27 exposed cases; Proxy respondents excluded — OR = 0.87; 95% CI: 0.48, 1.58
with n = 16 exposed cases).

The quality of the study was ranked moderate quality based on the study quality criteria provided in
the OPP framework. The study had several important limitations related to its design, exposure
assessment approach, statistical analysis, and ability to control for confounding. With regard to study
design, Yinn et al. (2012) used a case-control approach and may have introduced selection bias when
recruiting their control group. A limitation of the study is the large number of proxy respondents used
to complete interviews for the cases (45% of case interviews), relative fg:the controls (3% of control
interviews). Although the study authors mentioned they tried offsefting theipumber of proxies used
by conducting two separate analyses (with and with proxy responglents), inacéurate information
obtained from the proxy respondents was still a strong possibility, poténtially interfering with
estimates of some of the observed outcomes. The use of respotident-repoited dicamba use to ascertain
exposure introduced further uncertainty because it is nof:piessible to attribité:the increased odds of
glioma to dicamba exposure alone. In particular, the sélfireposting and proxy respondents have
different levels of knowledge about pesticide use gfidd possibly different motives for responding.
Moreover, self-reported exposure assessment ig:tikely to be subject to differential'misclassification
because study participants may incorrectly recall prévigus pesticide usage. In additiouith, these
limitations, findings on dicamba are based on only a smiallinumberiofiexposed cases andigo.not
provide reliable effect estimates.

e Lerro et al. (2020) investigated the associgtiotibetween dicamba'éxposure and several cancers
including brain cancer using data from the!AHS piospective cohortlig study population (n =
49,992) consisted of pesticide applicators livipg itlowa.and North Caraling who were enrolled in the
AHS cohort and who reperted information on dicamba expusure at enrollientisind follow-up.
Incident cancer caseg were ideritified using lowa and Nerth'Caréhina state cgncer registry files from
enrollment (1993-1997) through December 2014 11 North Caroling gnd IDécember 2015 in Iowa.
International Classification of Disgases for Oncology (ICD-0-2) codes were used to classify cancer
sites. Dicamba expostirg was assessetl through the enrgllment questionnaire (1993 — 1997) and the
first follow-up interview five years fter enrollment (1999 — 2005). Multiple imputation was used to
estimaté pesticidiexposures atifollow: tip.for individuals sihe:did not complete the interview (n = 20,
968 37%). Poisson regression’wis used'to ¢alinlate relative risks and 95% confidence intervals for
each category of intensitysweighted days of dicamba iiyé compared with no use, adjusting for age,
race; sex, smoking, staté; applicator type, education, itmazethapyr use (Spearmen p = 0.49), and
family'higtory of cancer. Citnmilative interisity-weighted days were categorized as no exposure or
quartiles of iiatensity-weighted tays of exposure’among all incident cancer cases for sites with > 20
exposed (nose;, 5.0 — 449.5 days 449.6 — 1260.0 days, 1260.1 — 3,698 days, >3,689 days) or based
on the median, a3 110, low or high exposure for cancers and subtypes with 10-20 exposed cases (no
use, 5.0 — 1,260.0°days, > 1,260.0:ddys). Among the 49,922 applicators, 26,412 (52.9%) reported
dicamba exposure and aimong the:id brain cancer cases, 48 reported dicamba exposure. No evidence
of a significant positive agsociation was reported for any exposure category of dicamba intensity-
weighted lifetime days of exposure and brain cancer among pesticide applicators in the AHS (0.88 <
RR < 1.23; all 95% Cls engompassed the null value of 1.0; with n = 10 — 15 exposed cases per
exposure category; p-trend = 0.81), with the no exposure group as the referent.

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. The general strengths of the publication included the underlying prospective
design of AHS, focus on U.S. agricultural populations, and availability of a U.S. registry to
comprehensively identify cancer cases. Lerro et al. (2020) indirectly assessed dicamba exposure
based on the AHS survey instrument. Limitations were noted including the fact that the authors did
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not correct for/adjust for multiple comparison/multiple testing and that we would expect several
statistically significant results to go away after such statistical adjustment. Results from the
ever/never use analysis were not reported.

EP4 Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationship between dicamba exposure and brain cancer including glioma. Three
publications were identified that assessed the association between dicambs exposure and brain cancer
(Lee et al., 2005, Yiin et al., 2012; Lerro et al., 2020). Lee et al. (2005):teported'no evidence of a positive
association between dicamba exposure and glioma in a case-controls$tiidy, in Nebraska. Proxy respondents
were used suggesting the possibility of meaningful information (sgedll) biag: Further, in order to obtain
sufficient younger controls for comparison purposes, they were reguired to ad¢imore controls to the study
using random digit dialing and death certificates. These controliseleétion methodimay have resulted in a
reference population that was not appropriate for this study'and raitked the study ‘quglity as low. The Yiin
et al. (2012) study similarly found no evidence of a pgiitive association between dicatiba exposure and
glioma, however, we note that the large number ofproxy tespondents, (45%) for the cases;relative to the
controls (3%), was a limitation. Although the study authors thentioned'they tried offsetting the number of
proxies used by conducting two separate analyses (with andwith proxy respondents), inaccutae
information obtained from the proxy respondents was still a strongipossibility, potentially interfeping with
estimates of some of the observed outcomes; A:third study, Lerro et gk, (2020), reported no evidence of a
significant positive association in the analysis of frtensity weighted lifetime days of use of dicamba
among farmers in the AHS prospective cohort. T leigttidy was ranked niodérate quality and despite
benefiting from the strengths of the AHS including the'expiisure and outconeiassessments, the authors
did not correct for multiple cemparisons in the statigtical analysis,

Breast cancer

One publication (Engel et'al;;;2005) examined the association between dicamba exposure and breast
cancer.

e Engel et al. (2005 evaluated the gssociation between bredst cancer incidence among farmers’ wives
pesti¢ide applicators enrollediin the AHS living in Towa and North Carolina. Breast cancer cases were
identified Yising cancer registries in Iow#iand North Carolina from enrollment (1993-1997) through
2000. Pestigide exposure was assessed baseg on 'self-reported questionnaires completed by the AHS
participants duging study enrollment. Of the 309 breast cancer cases identified within the cohort (n =
30,454), 15 (4.9%5) women reported dicamba use. Of the 30,145 non-cases (women not diagnosed
with breast cancerywith complete dita, a total of 1,146 (3.9%) women reported dicamba use. Poisson
regression was used by thie authogsito calculate RRs and 95% Cls for individual pesticides, and each
analysis was adjusted forigge,wice, and state of residence. The authors reported no evidence of a
significant positive associatiofn between ever use of dicamba and breast cancer incidence among all
wives in the cohort (RR =4.20; 95% CI: 0.70, 2.00; with 15 exposed cases). A subset analysis
conducted for wives who reported no prior pesticide use (n = 13,449) considered husbands’ dicamba
use and no evidence of a positive association was reported between husband’s dicamba use and wife’s
risk of breast cancer (RR = 1.00; 95% CI: 0.70, 1.50; with 62 cases indirectly exposed).

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. As part of the AHS, this study benefited from the strengths of the AHS study
cohort as described above. However, the investigators assessed indirect exposure based on self-
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reported pesticide use from spouses’ husbands, and this approach has not been validated and may not
be a reliable proxy for direct dicamba exposure by female spouses. Additionally, there is the potential
for misclassification from self-reported previous pesticide exposures.

EP4 Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationship between dicamba exposure and breast cancer. One publication (Engel et
al., 2005) examined the association between dicamba exposure and breasticaticer among female spouses
of pesticide applicators in the AHS prospective cohort. Engel et al. (2005) reported no evidence of a
significant positive association for direct dicamba exposure and no gvidence of a positive association for
indirect exposure {measured through husband’s ever use of dicaniby) and breast cancer. Engel et al.
(2005) was ranked moderate quality and benefited from the strengths of thé AHS cohort including the
prospective design and identification of cancer cases through lihkagé to state ¢afi¢er registries. The
indirect exposure assessment based on husband’s pesticidéise waa limitation asiig has not been
validated and may not be a reliable proxy for direct di¢amba exposure by female spouses.

Cancers of the Large Intestine

Three publications (Samanic et al., 2006; Lige et al., 2007; Lerro'et ali, 2020) éxamined the relatipnship
between dicamba exposure and cancers of the large intestine includingicolorectal, rectal, and colon
cancers.

Colorectal Cancer

One publication (Lee gf al., 2007yexamined the relationship between ditamba‘éxposure and colorectal
cancer.

¢ Leeetal (2007) investigated the association between pegticide exposure, including dicamba, and
cancers of the large intestineineludivig colarectal, colon, andvectal cancers using data from the AHS
pragpective cohort! The study population’{n - 86,813} consisted of male pesticide applicators and
thiei spouses living irtfswa and Nearth Carolina“who were enrolled in the AHS cohort. Incident cases
wereiidentified using state gancer registyy files from enrollment (1993-1997) through December 31,
2002 awg International Classification of'Bigeases for Oncology (ICD-0-2) codes. Vital status was
confirmedignnually through statedeath registriés and the National Death Index. Ever/never exposure
to dicamba wis assessed through an initial enrollment questionnaire followed by a more detailed self-
administered questionnaire filled'gut at home as part of study enrollment. Unconditional multivariable
logistic regressionsviis. used to caleylate ORs and 95% Cls for dicamba, adjusting for age, smoking,
state, and total lifetimie days of pegticide application. Among the 305 colorectal cases identified in the
study, 110 reported everexposure'to dicamba, and 142 reported never exposure to dicamba (not all
cases reported exposure status for dicamba). No evidence of a positive association was reported
between exposure to dicamba and colorectal cancer based on ever use (OR = 0.90; 95% CI: 0.70,
1.20; with n = 110 exposed cases and n = 142 unexposed cases).

The study quality was ranked high based on the study quality criteria provided in the OPP
Framework. The prospective cohort study design as part of the AHS, the ascertainment of cancer

cases using established registries, and the pesticide exposure assessment were considered strengths of
the study.
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FEPA Conclusion

Overall, there is no epidemiological evidence at this time to conclude that there 1s a clear associative or
causal relationship between dicamba exposure and colorectal cancer. One publication (Lee et al., 2007)
examined the relationship between dicamba ever exposure and rectal cancer and reported no evidence of a
positive association.

Colon Cancer

Three publications (Samanic et al., 2006; Lee et al., 2007; Lerro et al., 2020) examined the relationship
between dicamba exposure and colon cancer.

e  Samanic et al. (2006) examined the association between dicamba exposugeiand several cancers,
including colon cancer among pesticide applicators inghe'AHS prospectiveigahort. The study
population included male pesticide applicators living in lowa and North Carolingawho completed the
AHS enrollment questionnaires and had complet¢ data on dicamba and covariates; Cases of mncident
cancer (first primary cancer) diagnosed between entoliment (1993, - 1997) and Decembier 31, 2002
were identified via linkage to state cancer registries. Those who repérted cancer at the'tigse of
enrollment (n = 1,075) or were missing information aboutidigambiifn’:,6,362); or missing
information about covariates (1 = 6,608) were excluded froni the analysis: Females were excluded
from the analysis because there were only four cancer cases anong female participants. Pésticide
exposure was assessed using responses abiit pésticide exposure ¢aptured on the enrollment
questionnaires. Poisson regression was used o estinate individual RRBs and 95% Cls, for the
association between dicamba exposure and seyeral caigérs, adjusting for gge, education, state of
residence, smoking (pagk ¥ears), family history of cancer, and total lifetime days of pesticide
application. Lifetime exXposute days were groupethintosertilesion the basis of the distribution among
all cancer cases gambined and the lighest tertile wis divided at the medisn to create the following
categories for lifetithg exposure daysfor all cancer types: No exposire, 1 to < 20 days, 20 to <56
days, 56 to < 116 days,and,> 116 days. For the intensity-weighted lifetime exposure days analysis,
categoriessofexposure included nojexposure, 1 to < 86.6{386.6 to < 344.3, 344.3 10 < 739.2, and >
739. 2antensttyawelghted days; Adnong thédl,969 male pesticide applicators included in the analysis,
22036 (52.5%) repaited exposure to dicamba, And, of the 135 colon cancer cases included in the
artalyisis, 59 reported éxposure to diwamba. Bvidence ofid strong association was reported in the
highest exposure group for lifetime daysiof dicamba exposure and colon cancer, with the low
exposure group as the referentitz 116 dayss RR = 3.29; 95% CI: 1.40, 7.73; withn = 17 exposed
cases). Nogvidence of a significant positive association was reported for any other exposure level of
lifetime days‘of dicamba use with low expaged group or the no exposure group as the referent (0.42 <
all RRs < 2.07; all 95% Cls encompassed the null value of 1.0; with n = 9 - 20 cases per exposure
category; no expostggigroup as referent p-trend = 0.10, low exposed as referent p-trend = 0.02).
Similarly, evidence ofig thoderately strong positive association was reported in the highest exposure
group for intensity-weighted:lifetime days of dicamba exposure with the low exposed group as the
referent (> 739.2 days — RR +2.57; 95% CI: 1.28, 5.17; with n = 20 exposed cases). No evidence of a
significant positive association was reported for any other exposure category of intensity-weighted
lifetime exposure days with the low exposed group or the no exposure group as the referent (0.50 <
all RRs < 1.76; all 95% CIs encompassed the null value of 1.0; with n = 6 - 20 exposed cases per
exposure category; no exposure referent p-trend = 0.02, low exposure referent p-trend = 0.002).

The quality of the study was ranked moderate based on the study quality criteria provided in the OPP
Framework. The ranking was based on the general strengths of the AHS, including its prospective
design, ability to identify cancer cases through linkage to cancer registries, and exposure assessment
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approach which examined cumulative lifetime exposure to dicamba. Limitations were noted including
the fact that the authors did not correct for/adjust for multiple comparison/multiple testing and that we
would expect several statistically significant results to go away after such statistical adjustment.
Results from the ever/never use analysis were not reported.

e Leeetal (2007) investigated the association between pesticide exposure, including dicamba, and
cancers of the large intestine including colorectal, colon, and rectal cancers using data from the AHS
prospective cohort. The study population (n = 56,813) consisted of male pesticide applicators and
their spouses living in lowa and North Carolina who were enrolled inghe:AHS cohort. Incident cases
were identified using state cancer registry files from enrollment (1923-1997)ithrough December 31,
2002 and International Classification of Diseases for Oncology £1€113:0-2) codes. Vital status was
confirmed annually through state death registries and the National Dexth Index. Ever/never exposure
to dicamba was assessed through an initial enrollment questioiinaire followed by a more detailed self-
administered questionnaire filled out at home as part ofistudy etirollment. ‘Ungonditional multivariable
logistic regression was used to calculate ORs and 95%/Cls foridicamba, adjustisig for age, smoking,
state, and total lifetime days of pesticide application. Among the 212 colon cancer gases identified in
the study, 79 reported ever-exposure to dicamba, a1l 98 reported never-exposure ta dicamba (not all
cases reported exposure status for dicamba). No evideénge.of a positiye association was téported
between exposure to dicamba and colon cancer, based ot gver use{OR. = 0.90; 95% CI 460, 1.30;
with n = 79 exposed cases and n = 98unexposed cases).

The study quality was ranked high based ot the study quality criteri.provided in the OPP
Framework. The prospective cohort study designigs.part of the AHS, thie ascertainment of cancer
cases using established registries, and the pesticide‘exposure assessmenit swere considered strengths of
the study.

e Ina follow-up study to Samani¢ietal. (2006), Lerro:etial. (2020) investigited the association between
dicamba exposiire anid several cangers including cartgers of the colon dnd rectum using data from the
AHS prospective cohort; fhe study population (n = 49,992) consisted of pesticide applicators living
in Towa and:North Caroliid who were enrolled in the AHS cohort and who reported information on
dicambaiexposure 4t enrollmentand follodw-up. Incident cgtiger cases were identified using Iowa and
Notth'Carolina state cancer registry files fron gitrollment 1993-1997) through December 2014 in
Math.Carolina and Décgmber 2015 1, Jowa. Interngtional Classification of Diseases for Oncology
(ICI>0-2) codes were used tgiclassifyigancer sites. Dicamba exposure was assessed through the
enrollment questionnaire (1993 - 1997)"and the first follow-up imnterview five years after enrollment
(1999 — 206153 Multiple imputafion was used o estimate pesticide exposures at follow-up for
individuals whaidid not completgithe interview (n = 20, 968, 37%). Poisson regression was used to
calculate relativeigigks and 95% confidence intervals for each category of intensity-weighted days of
dicamba use compared.with no us¢; adjusting for age, race, sex, smoking, state, applicator type,
education, imazethapyz tse (Spearmen p = 0.49), and family history of cancer. The analysis for
cancers of the colon and'tgetuni was also adjusted for BMIL Cumulative intensity-weighted days were
categorized as no exposuré grquartiles of intensity-weighted days of exposure among all incident
cancer cases for sites with# 20 exposed (no use, 5.0 — 449.5 days, 449.6 — 1260.0 days, 1260.1 —
3,698 days, >3,689 days) or based on the median, as no, low or high exposure for cancers and
subtypes with 10-20 exposed cases (no use, 5.0 — 1,260.0 days, > 1,260.0 days). Among the 49,922
applicators, 26,412 (52.9%) reported dicamba exposure and among the 513 colon cancer cases and
232 rectal cancer cases, 250 cases of colon cancer and 105 cases of rectal cancer reported dicamba
exposure. No evidence of a significant positive association was reported for any exposure category of
dicamba and colon cancer (0.78 < RR < 1.01; all 95% Cls encompassed the null value of 1.0; with n
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=59 - 68 exposed cases per exposure category; p-trend = 0.71), with the no exposure group as the
referent, and no evidence of a significant exposure-response trend.

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. The general strengths of the publication included the underlying prospective

design of the AHS, focus on U.S. agricultural populations, and availability of a U.S. cancer registry to

comprehensively identify cancer cases. Authors performed multiple comparisons however did not
correct for multiple comparison. We would expect several statistically significant results to go away
after such statistical adjustment. Results from the ever/never use analy$igiwere not reported.

EPA Conclusion

Overall, there is insufficient epidemiological evidence at this sime'tg concludeithat there is a clear
associative or causal relationship between dicamba exposure anid;colan cancer.“Iliree publications
(Samanic et al., 2006; Lee et al., 2007; Lerro et al., 2020} examined the relationship between dicamba
exposure and colon cancer. Lee et al. (2007) reporteding:evidence of a positive associgtion between
dicamba ever use and colon cancer. Samanic et al. {2006} investigated the association bepween dicamba
and colon cancer using lifetime exposure days and intensity=weighted lifetime exposure days and
exposure-response analysis. Samanic et al. (2006) reported no evidende o, significant positive
association between lifetime and intensityiweighted exposure dayy afidicambd in the highest exposure
categories and colon cancer, with the no expusiire group as the reférént, And, authors reported'no
evidence of a positive association in any other exposure categories of dicamba use and colon cancer.
When the low exposure group was used as the referent aistrong association for lifetime days of dicamba
exposure and a slight positive association for intensity weighited lifetime dayg af exposure was reported
between dicamba and colomiieer, with the low exposure groupias the refereni With longer follow-up
time and additional cases ot colen cancer, Lerro et alif202@) reportedino evidenice of a significant
positive association between dicambyg intensity weighted lifetime daysiof dictinba use and colon among
the large AHS prospective gohort in Taswi and North Carglina. Both studi¢s were determined to be
moderate quality and while'thé outcome and exposure asségsments were strong, a notable limitation was
the multiple comparisons thatete made without statistical ‘éorrection.

Rectal Cancer

Two publications (Lee et al., 2007; Lerro et gl;, 2020) examined the relationship between dicamba
exposure andigeetal cancer.

o Lee et al. (2007) itivestigated the'ggsociation between pesticide exposure, including dicamba, and

cancers of the large iitestine incliding colorectal, colon, and rectal cancers using data from the AHS

prospective cohort. The study population (n = 56,813) consisted of male pesticide applicators and

their spouses living in [6wa:and North Carolina who were enrolled in the AHS cohort. Incident cases

were identified using state’caneer registry files from enrollment (1993-1997) through December 31,
2002 and International Classification of Diseases for Oncology (ICD-0-2) codes. Vital status was

CBD v. EPA (1:21-cv-00681-CJN)

confirmed annually through state death registries and the National Death Index. Ever/never exposure
to dicamba was assessed through an initial enrollment questionnaire followed by a more detailed self-
administered questionnaire filled out at home as part of study enrollment. Unconditional multivariable
logistic regression was used to calculate ORs and 95% Cls for dicamba, adjusting for age, smoking,
state, and total lifetime days of pesticide application. Among the 93 cases of rectal cancer identified
in the study, 31 reported ever exposure to dicamba, and 44 reported never exposure to dicamba (not
all cases reported exposure status for dicamba). No evidence of a positive association was reported
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between exposure to dicamba and rectal cancer based on ever use (OR = 0.80; 95% CI: 0.50, 1.40;
with n = 31 exposed cases and n = 44 unexposed cases).

The study quality was ranked high based on the study quality criteria provided i the OPP
Framework. The prospective cohort study design as part of the AHS, the ascertainment of cancer
cases using established registries, and the pesticide exposure assessment were considered strengths of
the study.

e Lerro et al. (2020) investigated the association between dicamba expgsuré:and several cancers
including cancers of the colon and rectum using data from the AHS prospective cohort. The study
population (n = 49,992) consisted of pesticide applicators living it fowa and North Carolina who
were enrolled in the AHS cohort and who reported informatign on dicgimba exposure at enrollment
and follow-up. Incident cancer cases were identified using Iowa and North Carolina state cancer
registry files from enrollment (1993-1997) through De¢ember 2014 in North €arolina and December
2015 in Iowa. International Classification of Diseagesifor Oncotogy (ICD-0-2}i¢ides were used to
classify cancer sites. Dicamba exposure was asseggsed through the enrollment questipnnaire (1993 —
1997) and the first follow-up interview five years afierienrollmeiit (1999 — 2005). Multiple imputation
was used to estimate pesticide exposures at follow-upforiindividuals who did not complete the
interview (n = 20, 968, 37%). Poisson regression was used 1o.caleulateizelative risks and 95%
confidence intervals for each categoryinf intensity-weightedidays of dicathba use compared with no
use, adjusting for age, race, sex, smoking, tate, applicator type; gducation, imazethapyr useé
(Spearmen p = 0.49), and family history of éanter. The analysis {6t ¢ancers of the colon and rectum
was also adjusted for BMI. Cumulative intesity-swéighted days were gitegorized as no exposure or
quartiles of intensity-weighted days of expostre aniong igll incident canegrigases, for sites with > 20
exposed (no use, 5.0 —449.5.days, 449.6 — 1268.0 days, 12601 — 3,698 days, 3,689 days) or based
on the median, as ng; low orihiigly exposure for cancersiand subtypes with 10-20 exposed cases (no
use, 5.0 - 1,260.0idays, > 1,260i0 days). Among theid9,922 applicators26,412 (52.9%) reported
dicamba expostire amg gmong the 313 colon cancer ¢ages and 232 regial cancer cases, 250 cases of
colon cancer and 105 casgs of rectal cancer reported digamba exposiire. No evidence of a positive
associationwas reported for any exposure category of dicamba and rectal cancer (0.65 < RR < 0.91;
all 95% ©lsenvomipassed the nall value of:1.0; with n = 22431 exposed cases per exposure category;
p-trend = 19), withithe ho expositte group ‘as theireferent, and no evidence of a significant exposure-
fesponse trend.

The overalliguality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. The genetal strengths of the publication included the underlying prospective
design of the AHB, focus on U.S agricultuzal populations, and availability of a U.S. cancer registry to
comprehensivelyidentify cancer ¢ases. Authors performed multiple comparisons however did not
correct for multiple‘egmparison. We would expect several statistically significant results to go away
after such statistical adjustment. Results from the ever/never use analysis were not reported.

EP4 Conclusion

Overall, there is no epidemiological evidence at this time to conclude that there 1s a clear associative or
causal relationship between dicamba exposure and rectal cancer. Two publications (Lee et al., 2007;
Lerro et al., 2020) examined the relationship between dicamba exposure and rectal cancer. Lee et al.
(2007) reported no evidence of a positive association between ever use of dicamba and rectal cancer.
Lerro et al. (2020) reported no evidence of a positive association between intensity-weighted lifetime
days of dicamba use and rectal cancer.
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Esophageal Cancer

Two publications (Lee et al., 2004; Lerro et al., 2020) examined the association between dicamba and
esophageal cancer.

e Lee etal (2004) investigated the association between farming and agricultural pesticide use,
including dicamba, and stomach and esophageal cancers in the Nebraska Health Study 11, a case-
control study of adults in eastern Nebraska. The study population included white residents of eastern
Nebraska, >21 years old. Cases of incident stomach and esophageal adenpcarcinoma were identified
using the Nebraska Cancer Registry (1988 — 1990) and discharge asid'pathology records from 14
participating hospitals Nebraska. Controls for the current study were.randomly selected from the
control group of a previous study covering the same base popitlationisnvestigating
Iymphohematopoietic cancers (<65 years — random digit dialitig, >65 years — Medicare files, for
deceased cases — Nebraska mortality records) and werefiggnency matched by age, gender, and vital
status to the combined distribution of the glioma, stoinach, and.esophagus canegy cases.
Demographic, medical and family history, occupational, and, pesticide exposure riformation (for
those who lived or worked on farm) was collecfed via telephonenterview conducted during 1992-
1994. Pesticide exposure information was limited to*aséprior to 1985, the time period of the
previous study. Interviews were conducted for 170 stomiagliicances ¢ases, 137 esophageal ¢ancer
cases and 502 controls, however mostinterviews were condyeted via proxy (76% of esophigeal
adenocarcinoma cases, 80% of stomach ¢ancer cases, 61% of éantrols) who were primarily/spouses
or other primary relatives. Unconditional fogistic regression was'igéd to calculate ORs and 95% Cls
for farming activity and for individual pesticidéiuge; adjusted for age gind gender, with the non-
farmers as a reference group. Among the 13%iesophageal cancer cases'angh502 controls included in
the final analysis, 13 esophageal cancer cases and 35 controls reported dicambgicxposure. No
evidence of a positivé assogiation was reported Tor dicarhibd'everuse and egophageal cancer among
farmers in Nebragke, among a'smiall number of casgs {OR = 0.90; 95% C1:70.50, 1.90; withn =13
exposed cases):

The quality.ef the study wasiranked low quality based omythe study quality criteria provided in the
OPP friamnework: The study hadiseveral iportant limitatighigtelated to its design, exposure
asgéssment approdel, statisticabignalysis, and ahility to conitrol for confounding. With regard to study
desien, Lee et al. (2005} uged a case:¢ontrol approach and may have introduced selection bias when
recruiting their control graupi:Differences between the results for the self-reporting respondents and
the proxy tespondents illustrate the possibleproblem, as the control groups for each of these
respondent§ were constructed ‘differently anid each could be biased in a different way. In the analysis,
the reference‘grdup for the statisfical tests was non-farmers, even though the pesticide use questions
were not asked of sion-farmers. A4 result, the results for pesticides are confounded with farmer
versus non-farmersiang control groups with different proportions of farmers will result in different
statistical results. Theéuse.of respondent-reported dicamba use to ascertain exposure introduced
further uncertainty becatise it isiniot possible to attribute the increased odds of glioma to dicamba
exposure alone. In particuldr; the self-reporting and proxy respondents have different levels of
knowledge about pesticide;tise and possibly different motives for responding. Moreover, self-reported
exposure assessment is likely to be subject to differential misclassification because study participants
may incorrectly recall previous pesticide usage. In addition to these limitations, findings on dicamba
are based on a small number of exposed cases which restricts the ability to interpret with confidence
the observed odds ratios

¢ Lerro et al. (2020) investigated the association between dicamba exposure and several cancers
including esophageal cancer using data from the AHS prospective cohort. The study population (n =
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49,992) consisted of pesticide applicators living in Iowa and North Carolina who were enrolled in the
AHS cohort and who reported information on dicamba exposure at enrollment and follow-up.
Incident cancer cases were identified using lowa and North Carolina state cancer registry files from
enrollment (1993-1997) through December 2014 in North Carolina and December 2015 in Iowa.
International Classification of Diseases for Oncology (ICD-0-2) codes were used to classify cancer
sites. Dicamba exposure was assessed through the enrollment questionnaire (1993 — 1997) and the
first follow-up interview five years after enrollment (1999 — 2005). Multiple imputation was used to
estimate pesticide exposures at follow-up for individuals who did not complete the interview (n = 20,
968, 37%). Poisson regression was used to calculate relative risks and 95% confidence intervals for
each category of intensity-weighted days of dicamba use compared ith 1i6:use, adjusting for age,
race, sex, smoking, state, applicator type, education, imazethapyrinse (Spearnien p = 0.49), and
family history of cancer. The analysis for stomach cancer wagalso adisted for pack-years smoked
(tertiles by smoking status), alcohol consumption, and BMI#{ymulative intensity-weighted days
were categorized as no exposure or quartiles of intensityiweighted days oficxposure among all
incident cancer cases for sites with > 20 exposed (no ise, 5.0 449.5 days, 449:6 — 1260.0 days,
1260.1 - 3,698 days, >3,689 days) or based on the:nedian, as no, low or high éxpasure for cancers
and subtypes with 10-20 exposed cases (no useii® 8% 1,260.0 days, > 1,260.0 days}iAmong the
49,922 applicators, 26,412 (52.9%) reported dicamba ggposure and among the 102 casgs, of stomach
cancer, 58 reported dicamba exposure. Evidence of a positive assoctation was reported for the third
exposure category (1260.1 — 3,698 days - OR = 1.99; 95% CL 1.10, 3.59; with n = 23 exposed cases).
No evidence of a positive association wis.reported for any other exposure category (0.96 <RR <
0.99; all 95% Cls encompassed the null valig:of 1.0; with n = 18- 14 exposed cases per exposure
category; p-trend = 1.00), with the no exposiire stoup as the referent; 4nd no evidence of a significant
exposure-response trend.

The overall quality ofitheisiudywas ranked moderate based'on the study quality criteria provided in
the OPP Framewgik: The general strengths of the‘publication meludid the inderlying prospective
design of the AHSifoeus on U.Siagticultural populstions, and avatlability of a U.S. cancer registry to
comprehensively identif:cancer cages. Authors performed multipleitomparisons however did not
statistically correct for niultiple coniparisons. We wouldiexpect several statistically significant results
to go away aftersmch statistical.adiustmient, Results froniifhe ever/never use analysis were not
repotted.

FEPA Conclusion

Overall, there'is fasufficient epidemiological evigdénce at this time to conclude that there is a causal or
clear associative telationship between dicamba gxposure and esophageal cancer. Two studies (Lee et al.,
2004; Lerro et al., 28203 examined theiassociation between dicamba exposure and esophageal cancer. Lee
et al. (2004) reported na evidence of a positive association among farmers in Nebraska and was low
quality due to several limitations including the study design, control selection, and comparison of farmers
to nonfarmers, and the large nimber of proxy respondents. Lerro et al. (2020) reported evidence of a
positive association between intensity-weighted exposure days of dicamba and esophageal cancer in the
third exposure category and noievidence of a positive association in the first, second, and fourth exposure
categories. Lerro et al., (2020) also reported no evidence of an exposure-response trend among the AHS
cohort. Lerro et al. (2020) was moderate quality and while the outcome and exposure assessments were
strong, a notable limitation was the multiple comparisons without statistical correction where several
significant associations would likely no longer be significant after statistical correction.
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Cancer of the Larynx
One publication (Lerro et al., 2020) examined the association between dicamba and laryngeal cancer.

Lerro et al. (2020) investigated the association between dicamba exposure and several cancers including
cancer of the larynx using data from the AHS prospective cohort. The study population (n = 49,992)
consisted of pesticide applicators living in lowa and North Carolina who were enrolled in the AHS cohort
and who reported information on dicamba exposure at enrollment and follow-up. Incident cancer cases
were identified using lowa and North Carolina state cancer registry files figin enrollment (1993-1997)
through December 2014 in North Carolina and December 2015 in IowagIntertiational Classification of
Diseases for Oncology (ICD-0-2) codes were used to classify cancer gites. Dicamba exposure was
assessed through the enrollment questionnaire (1993 — 1997) and thefirst follow-up interview five years
after enrollment (1999 — 2005). Multiple imputation was used to:gstimate pesticide exposures at follow-
up for individuals who did not complete the interview (n = 28:968,:37%). Poisson regression was used to
calculate relative risks and 95% confidence intervals for egehi Category of intensifyiweighted days of
dicamba use compared with no use, adjusting for age, pace, sex, smoking, state, appligator type,
education, imazethapyr use (Spearmen p = 0.49), angd family history of cancer. The analysis for lip cancer
was also adjusted for pack-years smoked (tertiles by smokifig status)."GCumulative intensityiweighted days
were categorized as no exposure or quartiles of intensity-weighted days of exposure amongigllincident
cancer cases for sites with > 20 exposed (o use, 5.0 - 449.5 days;, 449.6 — 1260.0 days, 1260:1; 3,698
days, >3,689 days) or based on the median;as no, low or high exposiire for cancers and subtypgs with 10—
20 exposed cases (no use, 5.0 — 1,260.0 days; > 1,260.0 days). Amorg the 49,922 applicators, 26,412
(52.9%) reported dicamba exposure and amornig the 60 cases of laryngeal ¢ancer, 23 reported dicamba
exposure. No evidence of a positive association‘was repuited for any exposiie category (0.43 <RR <
0.80; all 95% Cls encompassed the null value of 1.0; witlin =5 — 8 cases perigxposure category; p-trend
= 0.44), with the no expogsuire group as the referent,sand no evidence of a signifigant exposure-response
trend.

The overall quality of the'study was rankeéd moderate baseg on the study quality criteria provided in the
OPP Framework. The general strengths af the publication igluded the underlying prospective design of
the AHS, fogus on S, agricultuial populations, and availability of a U.S. cancer registry to
comprehénsively identifyicancer cases. Authors performed multiple comparisons however did not correct
for miiltiple comparison e would expect several'statiétically significant results to go away after such
statistical adjustment. Results from the svietinever use artalysis were not reported.

EPA Conclusion

Overall, there 1s no ‘epidemiological éxidence at this time to conclude that there is a causal or clear
associative relationship bepween dicaniba exposure and cancer of the larynx. One study (Lerro et al.,
2020) examined the association betwgen intensity weighted lifetime days of dicamba use and cancer of
the larynx and reported no evidense of a significant positive association among AHS participants. Lerro et

al. (2020) was deemed moderate quality for regulatory purposes and while the outcome and exposure
assessments were strong, a notable limitation was the multiple comparisons without statistical correction.

Lip Cancer
One publication (Lerro et al., 2020) examined the association between dicamba and lip cancer.

Lerro et al. (2020) investigated the association between dicamba exposure and several cancers including
lip cancer using data from the AHS prospective cohort. The study population (n = 49,992) consisted of
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pesticide applicators living in Iowa and North Carolina who were enrolled in the AHS cohort and who
reported information on dicamba exposure at enrollment and follow-up. Incident cancer cases were
identified using Iowa and North Carolina state cancer registry files from enrollment (1993-1997) through
December 2014 in North Carolina and December 2015 in Iowa. International Classification of Diseases
for Oncology (ICD-0-2) codes were used to classify cancer sites. Dicamba exposure was assessed through
the enrollment questionnaire (1993 — 1997) and the first follow-up interview five years after enrollment
(1999 — 2005). Multiple imputation was used to estimate pesticide exposures at follow-up for individuals
who did not complete the interview (n = 20, 968, 37%). Poisson regression was used to calculate relative
risks and 95% confidence intervals for each category of intensity-weightedidays of dicamba use compared
with no use, adjusting for age, race, sex, smoking, state, applicator type; education, imazethapyr use
(Spearmen p = 0.49), and family history of cancer. The analysis for lipp ¢ancer was'also adjusted for pack-
years smoked (tertiles by smoking status and non-combustible tobdseo s Cumulative intensity-
weighted days were categorized as no exposure or quartiles of ifitensity-weiehted days of exposure among
all incident cancer cases for sites with > 20 exposed (no use;3:0 —449.5 days; 449.6 — 1260.0 days,
1260.1 — 3,698 days, >3,689 days) or based on the mediag; as nojdowtor high expgsure for cancers and
subtypes with 10-20 exposed cases (no use, 5.0 — 1,268.0 days, > 1,260.0 days). Among the 49,922
applicators, 26,412 (52.9%) reported dicamba expagiite dnd among the 54 cases of lipicancer, 30 reported
dicamba exposure. No evidence of a significant positive asspciation was reported for anyigxposure
category (0.50 < RR < 1.07; all 95% Cls encompassed the nullivalue of 1:0; withn = 5 — 10@xposed
cases per exposure category; p-trend = 0.44), with the no exposure group as‘the referent, and 1o evidence
of a significant exposure-response trend.

The overall quality of the study was ranked mogerate:based on the study guality criteria provided in the
OPP Framework. The general strengths of the publicatinitincluded the undeglying prospective design of
the AHS, focus on U.S. agricultural populations, 4nd avaitability of a U.S. canger registry to
comprehensively identifygancericases. Authors performed multiple comparisons however did not correct
for multiple comparisosiWe would kxpect several stafistigally significant results to go away after such
statistical adjustmentiResults from the ever/never use apalysis were not reported.

EPA4 Conclusion

Overallithere is insufficiant epidemiclogical*evidénce at this tie to conclude that there is a clear
assogiative or causal relationship betwieen dicamba‘expoiiteand lip cancer. One study (Lerro et al., 2020)
examined the association betwgein dicaniba exposure and'lip cancer. Lerro et al. (2020) reported no
evidence ofig significant positive association between dicamba intensity weighted lifetime days of
dicamba use andilip cancer among e large A prospective cohort in Iowa and North Carolina. Lerro et
al. (2020) was deemied moderate quiality for regulatory purposes and while the outcome and exposure
assessments were strotig, a notable limitation was the multiple comparisons without statistical correction.

Liver and Intrahepatic Bile Duct Cancers

One study (Lerro et al., 2020) eéxamined the potential association between dicamba exposure and liver and
intrahepatic bile duct cancers.

Lerro et al. (2020) investigated the association between dicamba exposure and several cancers including
liver and intrahepatic bile duct cancers using data from the AHS prospective cohort. The study population
(= 49,992) consisted of pesticide applicators living in Iowa and North Carolina who were enrolled in the
AHS cohort and who reported information on dicamba exposure at enrollment and follow-up. Incident
cancer cases were identified using Towa and North Carolina state cancer registry files from enrollment
(1993-1997) through December 2014 in North Carolina and December 2015 in Iowa. International

Page 35 of 194

CBD v. EPA (1:21-cv-00681-CJN) ED_005427A_00024610-00035



Classification of Diseases for Oncology (ICD=4-2) codes were used to classify cancer sites. Dicamba

SUr 5 433esS e lionnaire (1993 — 1997) and the first follow-up
- Multiple imputation was used to estimate pesticide
P oll t complete the interview (n = 20, 968, 37%). Poisson
regression was used to calculate relative risks and 95% confidence intervals for each category of
intensity-weighted days of dicamba use compared with no use, adjusting for age, race, sex, smoking,
state, applicator type, education, imazethapyr use (Spearmen p = 0.49), and family history of cancer. The
analysis for liver and intrahepatic bile duct cancers was also adjusted for alcohol consumption and body
mass index. Cumulative intensity-weighted days were categorized as no exposure or quartiles of intensity-
weighted days of exposure among all incident cancer cases for sites with %20 éxposed (no use, 5.0 —
449.5 days, 449.6 — 1260.0 days, 1260.1 — 3,698 days, >3,689 days) ot based on tlie median, as no, low or
high exposure for cancers and subtypes with 10-20 exposed caseg#iio u§e/:5.0 — 1,260.0 days, > 1,260.0
days). Among the 49,922 applicators, 26,412 (52.9%) reported digamba exposure and among the 71 cases
of liver and intrahepatic bile duct cancers combine: epgtted dicamba exposire. Evidence of a
positive association was reported i the highest exposure category for cumulative intensity-weighted days
of dicamba exposure and liver and intrahepatic bile duct cancers, among a very small number of cases
(23689 0days - RR = 1.80; 95% CL: 1.26, 2.56; with n = 10 exposed cases). No evidenie of a significant
positive association was reported for the two middle expasure categorigs, among a very siall number of
cases (1.15 <RR < 1.38; all 95% Cls encompassed the null*value of 1.0; 'withn = 6 — 8 exposed cases per
exposure category), with the no exposure group as the referent: a significant mverse association was
reported for the lowest exposure category among a very small number of exposed cases (5.0 4495 days
-RR =0.32:95% CI: 0.18, 0.57; with n = 4 exposed cases). The exposure-response trend was significant
(p-trend < 0.001). When the associations betwegn'¢iinulative intensity“wéighted days of dicamba
exposure and liver cancer and intrahepatic bile dijct cancérs were examinéd separately, two exposure
categories were created (5.0-1,260.0 days and >1,260.0 days) ibased on the miedian as there were fewer
than 10 — 20 cases for eagli type of.cancer. No evideénce of a;signifigant positive gssociation was reported
for liver cancer for eithir expostire gategory, among ajvery small mimber of cases (3.0-1,260.0 days —
RR = 0.53; 95% CI:0i195:1.48; withiin 4.5 exposed casés; >1,260.0 days + RR = 1.04; 95% CI: 0.46,
2.34; with n = 13 exposedigases; p-trend % 0.64), when campared to the geferent of no exposure. For
mtrahepatic bile duct cancer, evidence of a moderately strong positive association was reported for the
exposure category and no evidence of a significant positive association was reported for
exposure catégoty, amang #very small numiber of cases (5.0 — 1,260.0 days — RR =
1.74;,95% CI: 0.99, 3.08; with n = S'exposed cases; > 1 260 0 days - RR =292, 95% CL 171, 5.01; with
1= 5'expased cases; p-trendi= :001).

Inn an additional analysis for liver and bile duct cancers combined, that examined latency using cumulative
itensity-weighted days of exposure with four exposure categories for each 10 and 20 year lag times, (10-
year lag: 5.0-396.0;1396.1-1,120.0, £120.1-3,515.0. , >3,3150; and 20-year lag: 0 5.0-315.0, 315.1—
937.5, 937.6-2,800.0,'%2:800.0) evidence of a positive association was reported for the higher levels of
exposure for the 10-year lag time (>3.3150 days - RR = 1 80, 95% CI: 1.32, 2.43; with n = 12 exposed
cases; p-trend <0.001) and for the middle and high exposure categories of the 20-year lag analysis
(>2,800.0days ~RR = 1.91: 95% CI: 1.39,2.63; withn = 11 exposed cases; 937.6-2,800.0 days - RR =
1.76; 95% CL: 1.26, 2.45; with n = 4 exposed cases; p-irend < 0.0001), among a small number of cases.
No evidence of a significant positive association was reported for any of the other exposure categories for
either the 10-year or the 20-year lag time analyses among a very small number of cases (0.45 < all RRs <
1.34; all 95% Cls encompassed the null value of 1.0; with n = 2 — 8 cases per exposure category).

The overall quality of the study was ranked moderate based on the study quality criteria provided in the
OPP Framework. The general strengths of the publication included the underlying prospective design of
AHS, focus on U.S. agricultural populations, and availability of a U.S. registry to comprehensively

Page 36 of 194

CBD v. EPA (1:21-cv-00681-CJN)

ED_005427A_00024610-00036



identify cancer cases.

gt Results from the ever/never use analysis were not reported.
We also note that the number of exposed cases per exposure category for several of the significant
findings was very small (n <10) and this may have contributed to the sienificant inverse association at the
low exposure and the sienificant positive association
Finally, the dicamba and liver and intrahepatic bile duct
cancer association is a first time (exploratory) finding and AHS practice is to require a second follow-on
confirmatory finding to begin to consider making any conclusions. This latfér point is acknowledged by
the study authors who conclude that future epidemiologic work on dicaniba sheuld focus on replication of
their study findings.

EP4 Conclusion

Overall, there is insufficient epidemiological evidence at thiis‘tinheto ¢onclude that there is a clear

associative or causal relationship between dicamba expgsure and liver and intrahepatii. bile duct cancers.

One study (Lerro et al., 2020) reported evidence of gipositive association in the highest gxposure category

for cumulative intensity-weighted days of exposure among a very small number of cases; giid a significant

exposure response-trend, } ignificant negative associatiogiawvas repotted in the lowest exposure

category, among a very small number of gases. Significant werd:glso reported for the 1+ and

20-year lagged analyses. ifWhile the study had several strengths 1g the prospective study design, use

of cancer registries to ascertain cases, and a validated questionnaire o assess pesticide exposure, several

limitations were noted. In particular, over 40 different cancer hnalyses Wwere performed and no [Commented [JE6]: Update all Lerro limistions sections with )
adjustments for multiple comparisons were made;, Weiwauld expect several of the statistically significant this wording
results would no longer remain significant after appropriate adjustments that'sould account for multiple

comparisons. And, we nofed sevéral concerns with respect tg confnder adjustinents that suggest there

may be issues with samples size and/or the statistical'gnalysis. Alse; tHereported association between

dicamba exposure agiiliver and intrahiepatic bile duct cancers are first timne {exploratory) findings and

AHS practice is to require gisecond follow-on confirmatery finding to begin to consider making any

conclusions. This latter point ig:acknowledged by the study authors who conclude that future

epidemiologieiwiork.on dicambi should foeus on replication'f their study findings.

Lung ¢ancer

Four studieg {Alavanja et al., 20043 :Samanie ghal., 2006; Bonner et al., 2017; Lerro et al., 2020) examined
the potential agidciation between ‘dicamba exposuteiind lung cancer.

e Alavanja et al. (2004) investigated the association between lung cancer incidence and lifetime
pesticide exposurejinéluding dicamba, in the AHS prospective cohort. The study population
consisted of pesticidedpplicators {N = 57,284) and spouses (N = 32,333) of pesticide applicators
{commercial applicators wegegncluded due to too few cases) with no history of lung cancer at
enrollment, living in Iowa aptt North Carolina. Incident lung cancer cases were identified through
state cancer registries and state death registries and the National Death Index from enrollment (1993-
1997) through 2001. Pesticide exposure was assessed via self-administered questionnaires completed
during study enrollment (1993 — 1997). Unconditional logistic regression was used to investigate the
association between lifetime use and intensity-weighted lifetime days of use of dicamba and lung
cancer, adjusting for age, gender, smoking history by pack-years of current and former smokers, and
total days of application of any pesticide with two reference groups; those with no exposure and those
with low exposure (never users excluded). Dicamba exposure was divided into three tertiles with the
top tertile divided in half to create th
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¢ e following categories of dicamba use (1 1 <24.5 days; 24.5 — 108.5 days; 108.6 —
224.7 days; and, >224.7 days for the exposure-response analysis. In the analysis comparing tertiles of
lifetime days of dicamba use with oup as the referent, evidence of a strong
association was reported in the highest exposure category among 4 very small number of cases
(22247 days —OR = 3.10,95% C1 1.27, 7.70, with n = 8 exposed). No evidence of a significant
positive association was reported in any other exposure category for lifetime use with the low
exposure group as the referent (1.3 < all other ORs < 1.7; all ClIs encompassed the null value of 1.0;
with 8- 19 cases r the lifetime days of use exposure-response
analysis with the no evidence of a significant positive association
was reported in any exposure category (0.70 < all other ORs < 1.60;all'95% ClIs encompassed the
null value of 1.0; with 8 - 21 cases per exposure category; p-trepil = 0.15). Results for the intensity-
weighted days of dicamba exposure analysis were not reportegd.

The quality of the study was ranked high based on the stady quality criteria provided in the OPP
Framework. The ranking was based on the general stterigths ofithe AHS, including its prospective
design, ability to identify cancer cases through linkage to cancer registries, and exposure assessment
approach which examined cumulative lifetime@Xpésiive to dicamba. We note that the number of cases
of lung cancer with dicamba exposure were very smalliiti;some expasure categories.

e Samanic et al. (2006) examined the asgociation between diciinba exposure and several cangers,
including lung cancer among pesticide dpplicators in the AHS prgspective cohort. The study
population included male pesticide applicators living in Jowa and Morth Carolina who completed the
AHS enrollment questionnaires and had complere dita on dicamba anid ¢ovariates. Cases of incident
cancer (first primary cancer) diagnosed bgtween enroﬂment (1993 - 19973 and December 31,2002
were 1dentified via linkgg: e of

enrollment (n = 1,0758)or

were excligded from the analysis’ Females were excluded
from the analysis beeaiise there were only four cancef,cases among female participants. Pesticide
exposure was assessed uging responsgs about pesticidé gxposure captured on the enrollment
questiormaires. Poisson régreigsion was used to estimate individual RRs and 95% Cls; for the
assogiation betweeindicambaiexposure gndiseveral cancers;@idjusting for age, education, state of
regidence, smoking {pack yearsy family histary éf cancer,iand total lifetime days of pesticide
application. Lifetime exposure daysiwere groupediitit tertiles on the basis of the distribution among
and the higheyt tertile was divided at the median to create the following
categories for lifetime exposurg days foryll eancer types: No exposure, 1 to <20 days, 20 to <56
days, 56 tois k16 days, and > il 6:days. For the Intensity-weighted lifetime exposure days analysis,
categories of exposure included 1o exposurg; 1 to < 86.6, 86.6 to <344.3,344.3 10 <739.2, and >
739 2 intensity-weighted days. Amiong the 41,969 male pesticide applicators included in the analysis,
5% repotied exposure o dicamba. Of the 147 lung cancer cases included in the analysis,
exposure toidicambai Mo evidence of a significant positive association was reported for
ifetime days of dicamba‘expesitre at all exposure levels with the no exposed group and the low
exposure group as the referent'{0.64 < all RRs < 2.16; all 95% CIs encompassed the null value of 1.0;
with n = 11 - 15 cases per ¢xposure category; no exposed referent p-trend = 0.13, low exposed as
referent p-trend = 0.02). Similarly, no evidence of a significant positive association was reported for
all exposure categories of intensity-weighted lifetime exposure days with the no exposed group and
the low exposure group as the referent (0.61 < all RRs < 2.20; all 95% Cls encompassed the null
value of 1.0; with n = 10 - 20 exposed cases per exposure category; all p-trends > 0.05).

The quality of the study was ranked moderate based on the study quality criteria provided in the OPP
Framework. The ranking was based on the general strengths of the AHS, including its prospective
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design, ability to identify cancer cases through linkage to cancer registries, and exposure assessment
: 2 /hich exami cumulative lifeti S icamba. Limitat er d includi

Results from the ever/never use analysis were not reported.

onner et al. (2017) mvestigated the potential association betweehn pesticides such as dicamba and
incident lung cancer using data from the AHS prospective cohibrt. The study population (n = 57,310)
consisted of pesticide applicators living in Iowa and North Cagolina, ang pesticide exposure was
assessed through two self-administered questionnaires gompletéd at studyietirollment and at home
(1993 — 1997). Exposure information was updated through a follow-up questiviinaire using a
computer-assisted telephone interview between 1999°— 2005. Cases included AHS study participants
who self-reported incident lung cancer betweensstisgdy enrollment up to December31:2010 in North
Carolina and December 31, 2011 in lowa. Cases werg gscertained through cancer registties in Iowa
and North Carolina, and vital status was confirmed using the state giid national death datgbases. Cox
proportional hazards regression was used to calculate HRs%nd:95% Cls'for dicamba and ingident
lung cancer, adjusting for smoking statisiand pack-years, ageiisex, and total lifetime pesticide use.
Tertiles' were constructed based on lifetinie days and intensity-weighted lifetime-days of exposure,
and HRs were reported for each tertile. No:gvidenee of a positive assggiation was reported between
dicamba and lung cancer at any exposure level forlifétime or intensity‘sveighted lifetime days of
exposure (0.57 < all HRs < 0.86; all ClIs encornipassed thie #iull value of 1:0: within = 36 — 45 exposed

Theiguality of theistudy was ratiked modefate lased on theistudy quality criteria provided in the OPP
Framework. The ranking was based on the general stréfigths of the AHS, including its prospective
design ability to identifyignd ascertaimn gancer cases through linkage to cancer registries, and
exposure dssessment approach which examined lifetime days of exposure and intensity-weighted
lifetime daysiof exposure to dicamba. ;

e Lerro et al. (2020) investigated the association between dicamba exposure and several cancers
including lung cancer using data from the AHS prospective cohort that included additional cases,

18 Pesticide exposure (split into tertiles or quartiles) was not defined for specific pesticides within the tables reported by Bonner et
al. 2017).

1° Note that the authors did not incorporate the information of fung cancer in the process of imputing the missing exposure values
(as it appears in the reference provided by the authors), and this might result in a bias toward the null for any reported estimates.
However, the missing exposure data for dicamba of subjects who did not complete the follow-up questionnaire were imputed
based on the available information for factors that related to pesticide use such as demographic, medical history, other farm
characteristics, and reported pesticide use at enrollment, and it would thus be expected that the impact of failing to include the
lung cancer information would not be to substantially affect the estimated effect sizes.
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exposure information, and longer follow-up time. The study population (n = 49,992) consisted of
pesticide applicators living in Iowa and North Carolina who were enrolled in the AHS cohort and
who reported information on dicamba exposure at enrollment and follow-up. Incident cancer cases
were identified using Iowa and North Carolina state cancer registry files from enrollment (1993-1997)
through December 2014 in North Carolina and December 2015 in Iowa. International Classification
of Diseases for Oncology (ICD--2) codes were used to classify cancer sites. Dicamba exposure was
assessed through the enrollment questionnaire (1993 — 1997) and the first follow-up interview five
years after enrollmen; Tultiple imputation was used to estimate pesticide exposures at
follow-up for individuals who did not complete the interview (n = 20, 968, 37%). Poisson regression
was used to calculate and 95% confidence intervals for each éategory of intensity-
weighted days of dicamba use compared with no use, adjusting fgr age, race, sex, smoking, state,
applicator type, education, imazethapyr use (Spearmgn p = 0.49); aiid family history of cancer. The
analysis for lung cancer was also adjusted for smoking (packed yearsy: €imulative intensity-weighted
days were categorized as no exposure or quartiles of exposure gmong all'ingident cancer cases for
sites with > 20 exposed (no use, 5.0 —449.5 days, 449.6 = 1260.0:days, 1260.1 - 3,698 days, >3,689
days) or based on the median, as no, low or high exposure for cancers and subtypes with 10-20
exposed cases (no use, 5.0 — 1,260.0 days, > 1,266.0 days). Among the 49,922 appli¢ators, 26,412
(52.9%) reported dicamba exposure and among the 689icases of lupg cancer. reported dicamba
exposure. No evidence of a positive association was reported for lung cancer (all subtypesincluded)
for any exposure category of cumulative intensity-weighted days of use¢0.60 < RR < 0.80; all 95%
CIs encompassed the null value of 1.0; sith n = 58 - 61 exposed cases per category, p-trendi> 0.05).

5 , no evidence of a significant’pogitive association was reported
for any exp. gory dence of a significant exposure-response trend (0.30 <RR <
1.05; all 95% CI: encompassed the null value'of 1.0; Witlin.= 5 - 24 exposed:cases per exposure
category; all p-trends & §.0435:We note that sevefal expogsitte ategories amgng lung cancer
histological subtypgshad a small mumber of cases;Inan‘additional analysis to address latency, where
cumulative intepsityiveighted diys iof exposure fotiedch year of followitip was determined, no
evidence of a positivéiggsociation was reported for any exposure category for either the 10-year or 20-
year exposure lag (0.65< gl RRs <4),88; all 95% CIs encompassed the null value of 1.0; with n =35
- 61 exposed ases per expogilre catesory; p-trends > 0.08) when compared to no exposure, and no
evidenice of an‘exposire-response trend:

The'gverall quality of the stidy was'ratiked moderaté'based on the study quality criteria provided in
the OPP Framework. The géneral strengthiv of the publication included the underlying prospective
design of ' &HS, focus on U.Siggricultur: i ilabili 3 i
comprehensively identify cancer cases.

t several
th

we would expec
f -

ever/never use analysis wete not reported.

FEPA Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationship between dicamba exposure and lung cancer. There were four available
publications (Alavanja et al., 2004; Samanic et al., 2006; Bonner et al., 2017; Lerro et al., 2020) and all
used data from the AHS prospective cohort, to examine the association between dical
lung cancer among male pesticide applicators. Early studies reported evidence of an
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this association was no longer significant with longer follow-up time and increasing number of cases.
The first study, Alavanja et al. (2004) reported evidence of a strong positive association between dicamba
exposure and lung cancer at the highest exp 1, with the low exposed group as the referent,
among a very small number of cases (n = 8) reported no evidence of a significant positive
association for all exposure categories with the no exposed group as the referent and for any other
exposure category for with the low exposure group as the referent. We note also that a small number of
cases reported exposure to dicamba overall and that resulted in a very small number of cases in several
exposure categories, including the category with the significant assoct y restricts the
interpretability of the observed odds ratios. Alavanja et al. (2004) was The second
publication, Samanic et al. (2006) reported no evidence of a significant pasitiveiassociation between
dicamba exposure and lung cancer for either lifetime or intensity-weighted days of exposure. The quality
of the study was ranked he third publication, Bonner ef gl (281:7), reported no evidence of a
significant positive association between dicamba exposure and ling cance; ver lifetime days or
intensity-weighted days of exposure. The quality of the smdv was ranked 1 Study limitations
included the high perce
questionnaires, and the

a positive association between dlcambd and lung cancer at any exposure tevel of 1 mtensny welghted
exposure days with longer follow-up time, additi
three previous studies. The study was ranked:

. {: Deleted: % i

Lymphohematopoieﬁc Cancers - i Commented [JEZ]: Describe cancers included in this larger class]
of cancers?

Fifteen publications (Brown'etial., 1990; Cantor et aky 1992¢ Bromwn et al., 1993 McDuffie et al., 2001; k
De Roos et al., 2003; Hartge et al.; 2005 McDuffie et’dly 2005; Pahwi etial.;:2006; Samanic et al., 2006;

Pahwa et al., 2012;Metayer et al., 2013, Czarnota et al.;;2015; Leon et al;:2019; Latifovic et al., 2020;

Lerro et al., 2020) investigated the poténiial association befween dicamba exposure and

lymphohematopoietic cancersidiigluding; hematopoietic canegr, leukemia, Hodgkin lymphoma, non-

Hodgkin lyinphoma. snd subtypes including multiple myelomg:

Hemarapoietic Cancers

One study (Samenic et al., 2006y examined the potential association between dicamba exposure and
hematopoietic ¢gncers combined.

Samanic et al. (2006} examined the assuciation between dicamba exposure and several cancers, including
all hematopoietic cancets among pestigide applicators in the AHS prospective cohort. The study
population included male pesticide agplicators living in Iowa and North Carolina who completed the AHS
enrollment questionnaires and hiagiomplete data on dicamba and covariates. Cases of incident cancer
(first primary cancer) diagnosed between enrollment (1993 - 1997) and December 31, 2002 were
identified via linkage to state cancer registries. Those who reported cancer at the time of enrollment (n=
1,075) or were missing information about dicamba (n = 6,362); or missing information about covariates
(n = 6,608) were excluded from the analysis. Females were excluded from the analysis because there
were only four cancer cases among female participants. Pesticide exposure was assessed using responses
about pesticide exposure captured on the enrollment questionnaires. Poisson regression was used to
estimate individual RRs and 95% Cls, for the association between dicamba exposure and several cancers,
adjusting for age, education, state of residence, smoking (pack years), family history of cancer, and total
lifetime days of pesticide application. Lifetime exposure days were grouped into tertiles on the basis of
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the distribution among all cancer cases combined and the highest tertile was divided at the median to
create the following categories for lifetime exposure days for all cancer types: No exposure, 1 to <20
days, 20 to < 56 days, 56 to < 116 days, and > 116 days. For the intensity-weighted lifetime exposure
days analysis, categories of exposure included no exposure, 1 to < 86.6, 86.6 to < 344.3, 344.3 t0 < 739.2,
and > 739.2 intensity-weighted days. Among the 41,969 male pesticide applicators included in the
analysis, 22,036 (52.5%) reported exposure to dicamba. Of the 178 hematopoietic cancer cases included
in the analysis, 96 reported exposure to dicamba. No evidence of a significant positive association was
reported for any exposure level of lifetime days of dicamba use with the no exposed group or the low
exposed group as the referent (0.69 < all RRs < 1.38; all 95% Cls encompassed the null value of 1.0; with
n = 16 - 32 cases per exposure category; all p-trends > 0.05). No evidenge of a'significant positive
association was reported for all exposure categories of intensity-weiglited lifetime ‘exposure days with the
no exposed group and the low exposure group as the referent (0.83s¢all RRs < 1.41; all 95% CIs
encompassed the null value of 1.0; with n = 12 - 35 cases per exposure category; all p-trends > 0.05).

The quality of the study was ranked moderate based on the studyigunality criteria proyided in the OPP
Framework. The ranking was based on the general stresigths of the AHS, including itsiprospective design,
ability to identify cancer cases through linkage to caficer registries, and exposure assessnient approach
which examined cumulative lifetime exposure to dicambs; Eimitations were noted including the fact that
the authors did not correct for/adjust for multiple comparison/znultiple testing and that we would expect
several statistically significant results to go away after such statigtical adjustment. Results froth the
ever/never use analysis were not reported.

EP4 Conclusion

Overall, there is insufficient gpidemiological evidenge at thisithime to concludeithutithere is a clear
associative or causal relationship bétween dicamba éxposuye and{yphohematopoietic cancers. One
study, (Samanic et al 42006), investizated the relationship between dicaniba.exposure and
lymphohematopoietic cangers among pesticide applicatags enrolled in the AHS prospective cohort and
reported no evidence of a ‘sigiificant pasitive association,based on lifetitne days and intensity-weighted
lifetime days of use. The study guality was ranked moderatéjand several strengths were noted including
the prospegtive cohiottistudy desigriasipart ofithe AHS, the asgertainment of cancer using established
cancer régistries, and'the girengths'of the AHS expasure assesgmient approach. The multiple comparisons
performed without statisticgl ¢orrection for multipleicompiifisons was considered a limitation.

Leukemia

Three studies (Bréwitet al., 1990; Metidyer et ali;’ 2013; Lerro et al., 2020) assessed the association
between exposure to'digamba and leukemias in adults and children.

e Brown et al. (1990) evalyated the #ssociation between several pesticides, including dicamba and
leukemia among male farmers usmg data from concurrently conducted population-based case-control
interview studies in Iowa and Minnesota between 1981-1984. Cases of leukemia were determined
either by a tumor registry database or a special surveillance network including hospital and pathology
records in Towa and Minnesota. Eligibility criteria for cases included Caucasian males, aged > 30
years old, who were diagnosed with leukemia both retrospectively (1 year prior to the start of the
study) and prospectively (2 years following the start of the study). In Towa, eligibility criteria were
restricted to cases who were diagnosed between March 1981 and October 1983 and resided in any
part of the state, and in Minnesota, a diagnosis period between October 1980 through September 1982
was required, with residence in cities besides Minneapolis, St. Paul, Rochester, or Duluth at the time
of diagnosis. Pathology slides were used to ascertain cases by a group of trained pathologists.
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Controls consisted of Caucasian males nor diagnosed with hematopoietic or lymphatic cancer, who
were part of a population-based sample, and frequency-matched to the cases based on vital status at
the time of the interview, state of residence, and age group (within 5 years). Controls were identified
through a separate population-based case-control for this study through a) random digit dialing; b)
Medicare files; or ¢) state death certificates. An initial in-person interview was conducted by a trained
professional for the cases and controls during August 1981 to March 1984, and information including
study participant demographics, medical histories, occupational histories (both farming and
nonfarming jobs), sources of drinking water, smoking and alcohol use, use of unpasteurized dairy
products, and past farming practices was obtained via a standardized gugstionnaire at this time. For
farming practices, detailed questions included the types of crop grows, andifor specific pesticides,
gathered information included the duration of pesticide use and if the respondent had personally
mixed or applied the pesticide. Proxy respondents were used i place of the actual case or control due
to death or incompetency during the interview portion of thisistudy. Duping the initial interview, a
total number of 578 cases were interviewed, with 340 ofithe cases living and:238 of the cases were
deceased; for the controls (n = 1,245) 820 of the confzols wete living, and 425 were deceased. A
second interview was carried out in 1987 via telepliotie to supplement the initialifniterview. Trained
interviewers contacted study participants in Towaito gather information concerning tie usual number
of days per year that each pesticide was used prior to'sid after 1989, For the supplerngiital interview,
86 of the 90 total cases completed the telephone interviewi 23 living$:63 deceased), and'all:203
controls completed the interview (146 living, 57 deceased): Unognditionial logistic regression was
used to estimate the ORs and corresponiding 95% CIs for the dssnciation between dicamba gXposure
and leukemia among male farmers, adjusting:for state, age, tobacg¢g:use, high-risk occupations, vital
status, family history of lymphopoietic canger; arid high-risk exposures, Among the 578 cases and
1,245 controls, 335 cases and 698 controls réported ever farming; the ‘retaining cases and controls
reported never farming (n = 243 cases, 547 coitrols). Mo évidence of a positive association was
reported between dicatibya everuse and leukemig, among farners, compared to nonfarmers (OR =
0.70; 95% CI: 0.404 1:40; within .15 exposed casgs aiid n = 57igxposed controls).

The overall quality of'thé:study wag ranked moderate'based on the study quality criteria provided in
the OPP Framework. Studyistrengthg included the studyidesign, frequency matching the cases to the
controlsi case astertainment;isid the imiperson interviewsAmain study limitation included the use
of proxy respondents te, collectipesticide’exposure information for cases and controls. This was
especially a concern dusirig the supplemental tistervieiviias the study reported that only 23 of the 86
respondents were living'éasés, This Timitation likely ¢ontributed to information bias and led to
expostite misclassification *Another studyilimitation included potential recall bias, as the cases living
with the afgome may have remambered ceititinipast exposures more accurately than the controls. As
a result, this‘tegall bias likely léd fo exposurg misclassification as well. Finally, authors compared the
farmers to nonférihers, instead of exposed farmers to unexposed farmers, and any effects found from
these comparisonsiight not be dig to the chemical exposure but instead due to different risk of
disease between two'different subpopulations (farmers vs. nonfarmers).

e Metayer et al. (2013) evaluated the association between pesticide exposure within the home including
dicamba and acute lymphoblastic leukemia (ALL) in children. Using data from the Northern
California Childhood Leukemia Study, a population-based case-control study, cases included children
< 14 years of age who were diagnosed with ALL, enrolled in the Northern California Childhood
Leukemia Study (NCCLS) during 1995 to 2008, and resided in one of the 35 pre-determined
California counties within the San Francisco Bay area and California Central Valley. Cases were
ascertained via pediatric clinical centers. Controls were randomly selected from state birth records
and were frequency-matched to the cases via sex, ethnicity, date of birth, and mother’s race. A total of
2,223 children (997 leukemia cases and 1226 healthy controls) including 882 case—control matched
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sets, were enrolled in the NCCLS. From 2001 to 2007, NCCLS families with children <8 years of age
and living in the same home occupied at the time of diagnosis for cases or reference date for controls
were eligible to participate in a follow-up home visit to collect a dust sample and conduct a second
interview. Pesticide exposure was assessed by measuring the concentration of pesticides including
dicamba in a dust sample collected from a high volume surface sampler or the vacuum bag that
collected dust from the location m the home where the child spent most of their time (as identified by
parent). The dust samples were analyzed for select pesticides, including dicamba, using gas
chromatography/mass spectrometry (dicamba detection limit of 1.05 ng/g) by laboratory staff who
were blinded to case-control status. Among the 252 cases and 306 contigls with dust samples,
dicamba was detected in 60 (24%) samples from cases and 92 (30%] saniples from controls. Authors
reported that 5 (2%) samples from cases and 6 (2%) samples from controls wete missing because of
insufficient dust or interferences in the chemical analyses. Logistic tegression was used to calculate
ORs and 95% CIs for pesticide exposures including dicambé; gontrollinigifor the child’s age,
ethnicity, sex, household income, season of dust samplingiyeariof dust sampling, neighborhood type,
residence type, and mother’s race. Among the final nuimber of.cases (n = 25Z) and controls (n = 306),
the analysis included 58 samples collected from hatiséholds of cases and 92 satples collected from
controls. No evidence of a positive association was reported for dicamba exposure giid ALL (OR =
0.75; 95% CI: 0.50, 1.14).

The overall quality of the study was ranked moderate based giithe study'quality criteria prayided in
the OPP Framework. Study strengths ificlisded the study desigti; matching of the cases to the controls,
case ascertainment, and the in-person intepviews, Authors mentiongd.that case-control matched sets
could not be maintained for participants whe received a second interview and home visit to collect
dust samples. While the study included individual-leveliassessment of exposure it was indirect and
measurement of dicamba,exposure through dust samplesinthe home occuifrediat a single timepoint
approximately 1-2 yearsiafter diaenosis. Dust samples pigy be dipoor surrogate for pesticide
exposure.

e Lerro et al. (2020) investigated the agsociation betweety,dicamba exposure and several cancers
including leukemia using'date from the AHS prospectiveicohort. The study population (n = 49,992)
consigled 'of pesticide applicatorsdiving iilowa and North @arolina who were enrolled in the AHS
colfort and who réperted information on disambiexposureiat enrollment and follow-up. Incident
chncer cases were identtified using fowa and NorthCarelina state cancer registry files from enrollment
(1998.1997) through Decemnber 2014 North Carolina and December 2015 in Iowa. International
Classification of Diseases fot @ncology tID-0-2) codes were used to classify cancer sites. Dicamba
exposure wasassessed througlithe enrollment guestionnaire (1993 — 1997) and the first follow-up
interview fiveiyears after enrollnient (1999 ::2005). Multiple imputation was used to estimate
pesticide expostigsiat follow-up tor individuals who did not complete the interview (n = 20, 968,
37%). Poisson regréssion was used to calculate relative risks and 95% confidence intervals for each
category of intensity-weighted days of dicamba use compared with no use, adjusting for age, race,
sex, smoking, state, applitatortype, education, imazethapyr use {Spearmen p = 0.49), and family
history of cancer. Cumulative intensity-weighted days were categorized as no exposure or quartiles of
intensity-weighted days ofiexposure among all incident cancer cases for sites with > 20 exposed (no
use, 5.0 —449.5 days, 449.6 — 1260.0 days, 1260.1 — 3,698 days, >3,689 days) or based on the
median, as no, low or high exposure for cancers and subtypes with 10-20 exposed cases (no use, 5.0
—1,260.0 days, > 1,260.0 days). Among the 49,922 applicators, 26,412 (52.9%) reported dicamba
exposure and among the 136 cases of all leukemia combined, 76 reported dicamba exposure.

No evidence of a significant positive association was reported for any exposure category for
cumulative intensity-weighted days of dicamba exposure for all leukemias combined, and for the
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subtypes of all myeloid leukemias combined and chronic myeloid leukemia (0.73 < all RRs <1.31; all
95% Cls encompassed the null value of 1.0; with n = 7 — 21 cases per exposure category). For acute
myveloid leukemia, a myeloid leukemia subtype, evidence of a positive association was reported in the
middle exposure catezory for cumulative intensity-weighted days of dicamba exposure among a small
number of cases ( =449.6-1260.0 days - RR = 1.50; 95% C1: 1.04, 2.17; with n = 15 exposed cases).
No evidence of a significant positive association was reported for the other exposure categories
among a small number of cases (0.84 <RR < 1.17; all 95% CIs encompassed the null value of 1.0;
with n =9 - 11 cases per exposure category), with the no exposure group as the referent. Additionally,
for geute/other limphocytic lenkemia, a subtype of leukemia, in the analysis of the association for
cumulative intensity-weighted days of dicamba exposure, a moderately strong positive association
was reported for the low exposure category and a strong positive association was reported for the high
exposure category, among a very small number of exposed cases (5.0 [, 260.0 days - RR = 2.60;
95% CI: 113, 5.96; with n = 3 exposed cases; »7,260.0days - RR = 4.59: 95% CL: 2.11, 9.98; withn
= 10 exposed cases; p-trend < 0.001).

The overall quality of the study was ranked moderate based on the study quality griteria provided in
the OPP Framework. The general strengths of éie‘publication ineluded the underlying:prospective
design of AHS, focus on U.S. agricultural populations; dind availability of a U.S. registyito
comprehensively identify cancer cases. Lerro et al. (2020} indirectly dssessed dicamba expasure
based on the AHS survey instrument:Authors did not corréef foi multiple.comparison/multiple
testing and we would expect several statistically significant résulis to no longer be significant after
such statistical adjustment. Results from'{lig ever/never use analysisiwere not reported. We also note
that the number of exposed cases per exposiréicatéeory for several'of the significant findings was
very small (n < 10) which makes the findingsunréliable, Given the very small number of exposed
cases and the multiple comparisons without cogrection,the teported estintatesiof associations between
dicamba use and acuté miyelanlieukemia and acure/other Bmphiveytic leukemia were unreliable.

EPA4 Conclusion

Overall, there isdnsufficient epidemiological evidence at thisitime to conclude that there is a clear
associativg oreausgl relationship bepweeil dicamba exposure dndileukemia among male farmers and
children; Three studies (Brown et ali; 1990; Metayeret.al., 2013; Lerro et al., 2020) were identified that
asseised the association between dicambiiexposure arid leikemia. Brown et al. (1990) reported no
evidenceiofia positive associatignibetweenitlicamba and leukemia among adult males using data from
population-bised case-control interview studigsin Minnesota and Iowa. The study quality was ranked
moderate. Study limitations includedithe use of proXy respondents and recall bias which likely led to
exposure misclassifi¢ation and the comparison of two different subpopulations (farmers vs. nonfarmers)
who have a‘ different risk of disease. The second publication, Metayer et al. (2013), evaluated the .1 Commented [JEB: Confirm this is tme for Brows 1990 and }
association between chifldlipod acute lyphoblastic leukemia (ALL) and pesticide exposure within the L»‘*ame a3 Cantor 1992 bl J
home in California. No evidence of aipositive association was reported in children. Exposure to dicamba
was assessed via in-person interviews and through dust samples collected from the home. The quality of
the study was ranked moderate. Limitations included the indirect measurement of dicamba exposure
through dust samples in the hoime which may be a poor surrogate for pesticide exposure (children likely
spend several hours of the day at school) and exposure measurement occurred at a single timepoint
approximately 1-2 years after diagnosis. And, a third publication, Lerro et al. (2020), reported no
evidence of a significant positive association for any exposure category for cumulative intensity-weighted
days of dicamba exposure for all leukemias combined among adults. When leukemia subtypes were
examined separately, authors reported evidence of a positive association in the middle exposure category
for cumulative intensity-weighted days of dicamba exposure and acute myeloid leukemia, and no
evidence of a significant exposure-response trend among a small number of cases. And, for the subtype
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acute/other lymphocytic leukemia, authors reported evidence of a moderately strong positive association
for the low and a strong positive association for the high exposure categories, among a very small (<10)
number of exposed cases and evidence of a significant exposure-response trend. However, these findings
were reported among a small number of cases which makes the risk estimates unreliable. While the study
benefited from the general strengths of the AHS prospective cohort, including study design, case
ascertainment, and exposure assessment, authors performed multiple compirisons and did not correct
for/adjust for the multiple comparisons/multiple testing. We would expct'several statistically significant
results to become not significant after such statistical adjustment. Regsulisifrom the ever/never use analysis
were not reported. We also note that the number of exposed casgs was veryismall for several exposure
categories which severely restricts our ability to interpret with cotfidence the abserved effect estimates as
well as the ability to assess the exposure-response relationship.

Hodgkin Lymphoma

Four studi¢s [Pahwa et al., 2006; Karunanayake et al., 2012, Latifovic efial,, 2020; Lerro et ul;

examined the association between dicamba exposure and Hodgkin Lymplioma (HL).

%020) { Commented [JE9]: skerunanake etal 20127 3

e Pahwa et al. (2006) investigated the potentialiassociation between piesticides, including dicamba and
HL by conducting a population-based casé&eontral:study among mewt Hying in Canada known as the
Cross-Canada Study of Pesticides and Health: Study (GCSPH). The stidyipopulation included males >
19 years old, lived in ong of six Canadian provinces andisompleted a postal iuestionnaire. Deceased
participants were exclizded ffom this analysis ofithe CCPH data, Cases of HE included adult males
diagnosed with Hl:ibetween Seéptémber 1991 to December 1994 4nd:were #scertained via provineial
cancer registriegior higapital ascerigiiment (Quebecionly). Cases were validated by a pathologist who
reviewed pathology slidés, Controls were randomly selected males fiom either health insurance
records, telephone directotes (Ontario) or voters lists (British Columbia), who resided in the same
Canadigit proviiices as casesand wertinatched to cases'Wia age (+ 2 years). A postal questionnaire
wagstiiled to Cases dnd controls o assess pesticide exposigre, and follow-up telephone interviews
reidrding detailed pésticitle use were conductéd forieachisubject who reported more than 10 hours per
veat of pesticide use. The tesponse tatés for cases atid controls was 67.1% and 48.0%, respectively.®
Exposureito dicamba includgd pesticides with dicamba as the main active ingredient and mixtures of
herbicides including dicambaiss pne of miliiplestictive ingredients. Conditional logistic regression
was used to‘ggleulate ORs and 95% Cls foridicamba and dicamba containing mixtures and HL,
adjusting for age and province ofigesidence: Among the total HL cases (n = 316), 32 reported
exposure to any digamba containiig herbicide, and 131 of the 1,506 controls reported exposure to any
dicamba containing herbicide. No evidence of a significant positive association was reported for any
dicamba exposure (includihg mistires)” and HL (OR = 1.30; 95% CI: 0.82, 2.04; withn = 32
exposed cases and n = 13¥expbsed controls). A sub-analysis conducted to determine if co-exposures
to DEET and dicamba affegted the odds of HL among participants reported no evidence of a positive
association relative to exposure to DEET and dicamba (OR = 0.96; 95% CI: 0.54, 1.71), respectively.
And finally, in an additional analysis that was limited to farm workers/dwellers only, similarly
reported no evidence of a significant positive association between exposure to dicamba-containing

20 McDuffie, H. H., Pahwa, P., Robson, D., Dosman, J. A., Fincham, S., Spinelli, J. J., & McLaughlin, I. R. (2005). Insect
repellents, phenoxyherbicide exposure, and non-Hodgkin's lymphoma. T Oceup Environ Med, 47(8), 806-816.
doi:10.1097/01 jom.0000167260.80687.78

2! For any dicamba exposure, authors included exposures to dicamba as the sole active ingredient and to products that were
mixtures that contained active ingredients in addition to dicamba such as: dicamba and glyphosate; and dicamba, 2,4-D, and
mecoprop.
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herbicides and HL (OR = 1.28; 95% CI: 0.68, 2.39 with n = 21 exposed cases, n = 97 exposed
controls).

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. Study strengths included the study design, age mafching the cases to the
controls, and case ascertainment. Additionally, authors conducted a pilet study prior and a validation
exercise for the study questionnaire as means to assess exposure ageutately.“Study limitations were
related to the case-control study design and consisted of the potgitialfor selection bias and recall
bias. Another study limitation included potential recall bias, g the cisegliving with the outcome may
have remembered certain past exposures more accurately thatt the controlsiAs a result, this recall bias
may have led to exposure misclassification as well. Angther:limitation of the study was the low
response rate to the mailed questionnaires. Only 67 4% of the contacted cases;atid 48% of the
contacted controls responded to the questionnaireisiid were included in the analysis: There may have
been differences between those who respondedianidithiase who dig not respond.

e Karunanayake et al. (2012) further investigated the association bghweespesticide exposures,
including dicamba, and HL among the GCSPH cohort, that ¢onsidered médical history in the analysis.
As above in Pahwa et al. (2006), the study pepulation includedmidles >19 years old, lived in one of
six Canadian provinces and completed a postal iuestionnaire. Deceysed participants were excluded
from this analysis of the CCSPH data. Caseg:0f HE included adult males:diagnosed with HL between
September 1991 to December 1994 and wereiscertinedivia provincial‘vaticer registries or hospital
ascertainment (Quebeg:iili)y; Cases were validited by a pathialogist who reviewed pathology slides.
Controls were randgimly selectedimales from eitlier hedlth insurgnee records; telephone directories
(Ontario) or voters lists (British Columbia), who resided in the saime (Zaiiadian provinces as cases, and
were matched tO cases via age (2 years). A postal guestionnaire wasailed to cases and controls to
assess pesticide expostre, and followup telephone intérviews regarding detailed pesticide use were
conducted:for-each subject who reported more than 10 hoyrs per year of pesticide use. The response
rates for cases and vontrols was 67:1% 1nd:48.0%, respectivily.”? Exposure to dicamba included
pesticides with dicaibaias the niain active ingredient and mmxtures of herbicides including dicamba
46 otte of multiple active igredients Conditional lagistic regression was used to calculate ORs and
95% {15 for dicamba and'thicamba confgining mixtures and HL, adjusting for age and province of
residence; Among the total HE cases (n= 316), 32 reported exposure to any dicamba containing
herbicide, and:131 of the 1,506 ¢ontrols repoited exposure to any dicamba containing herbicide. No
evidence of a'significant positive gssociation'was reported for any dicamba exposure (including
mixtures)” and HL(OR = 1.29; 95% CI: 0.82, 2.04; with n = 32 exposed cases and n = 131 exposed
controls). In an additional analysi§, that further adjusted for medical variables that were statistically
significant in bivariable analysis fp'< 0.20), including history of measles, acne, hay fever, shingles,
and a positive family history:¢1%degree relative) of cancer no evidence of a significant positive
association was reported (OR = 1.16; 95% CI: 0.71, 1.90). In the same two analysis for individual
dicamba herbicides (Banvel, Target), no evidence of a significant positive association was reported
for the association between dicamba exposure and HL, adjusted for age group and province of
residence (OR = 1.25; 95% CI: 0.61, 2.55; with n = 12 exposed cases and n = 50 exposed controls).
And, no evidence of a positive association was reported for the association between dicamba and HL,
when further adjusted for history of measles, acne, hay fever, shingles, and a positive family history

22 McDuffie, H. H., Pahwa, P., Robson, D., Dosman, J. A., Fincham, S., Spinelli, J. J., & McLaughlin, J. R. (2005). Insect
repellents, phenoxyherbicide exposure, and non-Hodgkin's lymphoma. T Oceup Environ Med, 47(8), 806-816.
doi:10.1097/01 jom.0000167260.80687.78

2 For any dicamba exposure, authors included exposures to dicamba as the sole active ingredient and to products that were
mixtures that contained active ingredients in addition to dicamba such as: dicamba and glyphosate; and dicamba, 2,4-D, and
mecoprop.
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(1™ degree relative) of cancer (OR = 0.96; 95% CI: 0.43, 2.15; with n = 12 exposed cases and n = 131
exposed controls).

The overall quality of the study was ranked moderate based on the study, quality criteria provided in
the OPP Framework. Study strengths included the study design, age matching the cases to the
controls, and case ascertainment. Additionally, authors conducted:@ pilot study prior and a validation
exercise for the study questionnaire as means to assess exposugg gecurately. Study limitations were
related to the case-conirol study design and consisted of the gotential for:selection bias and recall
bias. Another study limitation included potential recall bias, a5 the case$living with the outcome may
have remembered certain past exposures more accuratgly thian the controlsiiAs:a result, this recall bias
may have led to exposure misclassification as well gAnother lithitation of the study was the low
response rate to the mailed questionnaires. Only67.1% of the contacted cases and 48% of the
contacted controls responded to the questionnaire diigisvere included in the analysisifliere may have
been differences between those who responded and thasgiwho did uipt respond.

e Latifovic et al. (2020) investigated theiagsociation between exposure to pesticides including dicamba
the risk of HL among male farmers in thie Lifited States and Cangdit, The study population in the
pooled analysis (HL = 507, Controls = 3,886} niéluded participants:enrolled in three of the four case-
control studies that compose the North AmegicanPasled Project (NAPRJ:n Nebraska, Kansas, and
six Canadian provinces.** Cases of HL (n = 587) were identified througli the state cancer registry
{(Kansas, enrolled 19761 19823 and special survidillance of hospital and pathology records or study
groups (Nebraska, ¢nrolled 1983+ 1986) and cancer registries of thie six Carladian provinces and
hospital ascertaifinietit in Quebec (eurolled 1991 —-1994). Populatiofibased controls (n = 3,886) were
selected through randenidigit dialing, Medicare, or figm state mortafity records (deceased controls),
provincial health insuratige records; telephone listings, and voter’s lists. Within each study, there were
differencediiiimatching of'esitrols toivases including: age (+ 2 years) and vital status in Kansas;
frequiency-matehed 3:1 by rade; dge (F2 yedrs) sex, and vital'status in Nebraska; and, cases and
cafitrols were stratified by age (42 years) andiprovinee sii'Canada. Controls were matched to the age
groupings of all cancer ¢ases recruited by the NAPPiand not specifically to HL cases. Pesticide
expostiré:was assessed usitig guestiontuires administered via telephone in Kansas and Nebraska and
from a migiled questionnaire to all partictpaiits.and a follow-up telephone interview for those who
reported > 1 hours per year ofipesticide use i Canada. Participants in Canada and Nebraska
received a list"af ghemicals and tratle names for their questionnaires, participants in Kansas did not.
Questionnaires alsoigollected dembgraphic, lifestyle, and occupational characteristics, and cancer risk
factors including medi¢al history. 'Fo validate pesticide use Kansas and Canada compared a subset of
respondents self-reported pesticide use to pesticide suppliers’ records of purchase and 60% agreement
was reported in Kansas angl ggreement in Canada was reported as excellent. In Nebraska and Kansas
response rates for the study populations ranged from 69.9% - 94% (response rates for HL in Canada
were not reported) and proXy respondents were used for those unable to complete questionnaires in
Kansas and Nebraska (Cases: 22.9 % - 26.5%,; Controls: 43.6% - 52.3%). Logistic regression was
used to estimate ORs and 95% Cls for the association between dicamba exposure and HL, adjusted

# Three population-based case-control studies included in the Latifovic et al. (2020) analysis:

1. Hoar SK, Blair A, Holmes FF, Boysen CD, Robel RJ, Hoover R, Fraumeni JF Jr (1986) Agricultural herbicide use and
risk of lymphoma and soft-tissue sarcoma. JAMA 256(9):1141-1147

2. Zahm SH, Weisenburger DD, Babbitt PA, Saal RC, Vaught IB, Cantor KP, Blair A (1990) A case-control study of
non-Hodgkin’s lymphoma and the herbicide 2,4-dichlorophenoxyacetic acid (2,4D) in eastern Nebraska. Epidemiology
1(55:349-356

3. McDuffie HH, Pahwa P, McLaughlin JR, Spinelli JI, Fincham S, Dosman JA, Robson D, Skinnider LF, Choi NW
(2001) NonHodgkin’s lymphoma and specific pesticide exposures in men: cross-Canada study of pesticides and health.
Cancer Epidemiol Biomarkers Prev 10(11):1155-1163
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for age, state or province of residence, and respondent type (self, proxy). Covariates were selected
using theoretical consideration of the relationships determined using the directed acyclic graph
approach and a change in estimate method (10% change in the coefficient estimate) was used to
create the final model. Study participants missing covariate data were excluded from the analysis,
leaving 496 cases and 3,789 controls. No evidence of a significant positive association was reported
between dicamba exposure and HL among a small number of cases (OR = 1.28; 95% CI 0.71, 2.30;
with n = 16 exposed cases and n = 86 exposed controls), based on ever use. And similarly, no
evidence of a significant positive association was reported when stratified by age (< 40 years - OR =
2.09; 95% CI: 0.91, 4.81; with n = 12 exposed cases; > 40 years — ORz8.71; 95% CI: 0.25, 1.99; with
n =4 exposed cases).

The quality of the study was ranked moderate based on the spidy quality criteria provided in the OPP
Framework. Study strengths include the case-control study design, and'walidation of HL diagnosis.
Recall bias was a potential study limitation, as the casegiliving with the outégme may have
remembered certain past exposures more accurately thian the controls and this giay have contributed
to exposure misclassification as well. Case and coitrol selection methods differéd between each study
which likely led to selection bias, and different:méthids were used to collect pesticidéuse
information (postal vs. telephone) potentially causing soine misclaysification of exposuré, Certain
participants who were prompted with a list of pesticide 1anies may hive remembered their pestigide
exposures more accurately than thosegvho were not prompted with pesticide names. Additignally, a
large percentage of proxy respondents Wi reported by the study authors (~31%) which could have
contributed to information bias and led to/gxphisure misclassification; however, we note the study
authors performed sensitivity analysis with proxy tespondents excluided and reported that results were
qualitatively similar. Lastly, we note that even thoughithe overall studyipgpulation was large, a small
number of cases were reported HL.

¢ Lerro et al. (20205 investigatedthie association betwegn dicamba expasusé and cancers including HL
using data fronithe AHS prospectiviicohort. The study population (1 49,992) consisted of pesticide
applicators living in Iowz and North €arolina who wetg enrolled in ‘the AHS cohort and who reported
information.en dicamba expésure at enrollment and follow-up and is described in greater detail in the
Cancet (all'sites) section aboveBriefly iwident cancer cages'were identified from enrollment (1993-
1997y through Decernber 2015 dnd:dicambaiexpiosure wag tissessed through the enrollment and 5-year
follow-up interview qugstipnnaires: Poisson regression was used to calculate relative risks and 95%
confidence intervals for each categoryiaf intensity-weighted days of dicamba use compared with no
use, adjusting for age, race, séxismoking; state, applicator type, education, imazethapyr use
(Spearmetiip ,0.49), and family history oficancer. Among the 49,922 applicators, 26,412 (52.9%)
reported dicamba,exposure and gmpng the 27 HL cases, 13 reported dicamba exposure. No evidence
of a significant positive association was reported for any exposure category of dicamba intensity-
weighted lifetime days:of exposure and HL among pesticide applicators in the AHS (0.50 <RR <
1.06; all 95% CIs encompassed thenull value of 1.0; withn = 4 - 9 exposed cases per exposure
category), with the no expiiguré sroup as the referent.

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. The general strengths the prospective design of AHS, focus on U.S. agricultural
populations, and availability of a U.S. registry to comprehensively identify cancer cases and the
exposure assessment. We note that authors did not correct for/adjust for multiple comparisor/multiple
testing and we would expect several statistically significant results to go away after such statistical
adjustment. Results from the ever/never use analysis were not reported.
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FEPA Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there 1s a clear
associative or causal relationship between dicamba exposure and HL. Three studies (Pahwa et al., 2006;
Karunanayake et al. (2012); Latifovic et al., 2020; Lerro et al., 2020) were identified that assessed the
association between dicamba exposure and HL. Pahwa et al. (2006) reported no evidence of a significant
positive association between dicamba and HL in a population-based case-control study among men living
in Canada as part of the Cross-Canada Study of Pesticides and Health Studv ¢CCSPH). The age matched
cases and controls, case ascertainment, and the validation of the exposytequestionnaire were considered
strengths. Study limitations were related to the case-control study designand consisted of the potential for
selection bias and recall bias and low response rate. The study was ranked moderate quality. A second
study, Karunanayake et al. (2012), that also examined the assopciation among the CCSPH cohort,
additionally adjusted for history of measles, acne, hay fever; shingles, and a pasitive family history (1%
degree relative) of cancer, reported no evidence of a siggificant pusitive associatigibetween exposure to
mixtures of pesticides containing dicamba and HL and 110 evidence of a positive assagigtion between
exposure to pesticides containing dicamba as the oulyagtive ingredient and HL. A third study, Latifovic
et al. (2020), reported no evidence of a significant positive gisociation'between dicamba everuse and HL
among a small number of cases in a pooled analysis of three'¢ase-control stndies in Nebraska, Kansas,
and six Canadian provinces. This study quality was ranked modegate, Exmitations included potential recall
bias due to cases potentially remembering expasure differently than controls, different selectiozi‘'methods
used for cases and controls, and different exposuré assessments across studies. And a fourth study, Lerro
et al., (2020) reported no evidence of a significant‘positive association fo dny exposure category of
dicamba intensity-weighted lifetime days of exposure amuong the AHS prospeetive cohort of pesticide
applicators and was ranked mederate quality. Authars did not gorrect for multipléiwomparison and this
was considered a limitation asiseveral significant findings wioild likely no longérbe significant after
statistical correction for multiple comparisons. Additionally, results"fronithe ¢ver/never use analysis were
not reported.

Non-Hodgkin Lymphoma

Nine pabhications (Cantor eétal., 1992 McDuffieiet aly,. 2001, McDuffie et al., 2005; De Roos et al., 2003;
Harige efial., 2005; Samanik ebial., 2006, Gzarnota et'al 2015; Leon et al., 2019; Lerro et al., 2020) were
identified thiat assessed exposure fo dicambyiand non-Hodgkin lymphoma (NHL).

e Cantor et ali (1992) investigated the associaijon between dicamba exposure and NHL among male
farmers in Towst gnd Minnesota. $sing data from two population-based case-control studies, cases
were determined‘either by the state health registry database or a special surveillance network
including hospital atid pathology ré¢ords in Iowa and Minnesota. Eligibility criteria for cases included
males, aged > 30 yearsiglds, whowere recently diagnosed with NHL. In Iowa, eligibility criteria were
restricted to cases who wege diignosed between March 1981 and October 1983 and resided in any
part of the state, and in Minfiesota, a diagnosis period between October 1980 through September 1982
was required, with residence in cities besides Minneapolis, St. Paul, Rochester, or Duluth at the time
of diagnosis. NHL cases were confirmed by four pathologists by morphology, and the NHL subtype
was determined when three of the four pathologists were in agreement with the subtype during the
histopathologic review;” the subtypes included follicular, diffuse, small lymphocytic, and “other”
NHL. Controls consisted of Caucasian white males, who had not been diagnosed with hematopoietic
or lymphatic cancer and were randomly selected and frequency-matched to the cases based on vital

> The study mentioned that cases were considered “unclassifiable” if the panel of pathologists (three of the four) were not in
agreement with the specific subtype of NHL, or if a specific subtype could not be determined from the provided tissue sample.
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status at the time of the interview, state of residence, and age group (within 5 years). Controls were
identified through a separate population-based case-control for this study through a) random digit
dialing; b) Medicare files; or ¢) state death certificates. In-person interviews were conducted by a
trained professional for the cases and controls during August 1981 to March 1984, to obtain
information about study participant demographics, medical history, occupational history (both
farming and nonfarming jobs), past farming practices and pesticide exposures (type and duration of
use, and application method). Non-farmers (those who had never lived or worked on a farm as an
adult) served as the reference population. Of the 622 cases interviewed, 184 (30%) of the cases were
interviewed via proxy due to death or incompetency and, of the 1,245 gantrols, 425 (34%) controls

were interviewed via surrogate. fU'nconditional logistic regression } ragiconduacted to determine ORs .1 Commented [IE10]: Conditional for age-matched case-control
and corresponding 95% Cls for the association between dicambaiexposure and NHL among male stidies "’F’“;‘h‘“g i study design thal makes conditional

~ . . - - - i - - - mappropriate?

farmers, adjusting for age, state, cigarette smoking status, higlhtriskiocbupations (e.g., nonfarming job e 4

related to NHL in this study), family history of lymphopoieti¢ cancer, ‘and:high-risk exposures (e.g.,
exposure to hair dyes). For NHL subtypes, polychotomeus:logistic models were run using software
created by the National Cancer Institute. Among the tofal cases (1= 622), the fallowing cases of NHL
subtypes were reported: 198 (31.8%) diffuse, 195 (31.4%) follicular, 85 (13.7%} gmall lymphocytic
cell, and 144 (23.2%) other and undefined lymphamas. When the NHL cases and'¢oftrols were
further stratified by occupation, specifically farming; 356 of the 622 total cases (57%} and 698 of the
total 1,245 controls) reported ever farming; the remaining bases and ¢ontrols reported néyeér. farming
{(n = 266 cases, 547 controls). No evidence of a significant'positive'assoeiation was reported between
dicamba exposure and NHL among fargiers based on ever/neveruse (OR: 1.20; 95% CI: 0,70, 2.00
with n = 28 cases, 57 controls). Additionallyjawhen dicamba expasire was limited to pesticide use
prior to 1965 (chosen because 15-18 years prior to.diagnosis was d'regsonable minimal latency
period), an elevated but not significant positive association was reported for dicamba use before 1965
and NHL amoung a very small mumber (n £ 10) of cases (OR: 2.80; 95% €1;0.96; 8.10 withn=7
exposed cases, n = 7 gkposedicontrols). Additiosially, ng:evidence of a significant positive association
was reported between dicamba and NHL when dicamba 'was handled withetit protective equipment,
(OR: 1.40; 95%:E1: (:80, 2.50 with'n = 19 cases, 32 controls). And'finally, when state of residence
among participants wiisiconsidered, an elevated but ngt significant positive association was reported
among a very small numibes.of cases in Minnesota (ORix 3.9; 95% CI: 0.60, 24.0, with n = 3 exposed
cases anghin = Texposed cotifrols) andine evidence of a significant positive association was reported
for digamba expusure:and NHE among s verysmall mimberiof cases in owa (OR = 2.10; 95% CI:
0:60.8.10, with n =4 exposed casey and n ="5xposed cantrols). We note the OR for Minnesota was
elevated (OR >2.5) howeventhe very small (<10) number of exposed cases makes the odds ratio
unreliable.

The overall'guality of the study'was ranked fnioderate based on the study quality criteria provided in
the OPP Framework. Study strengths included the study design, frequency matching the cases to the
controls, the adequate;statistical methods, the measures taken to ascertain the study cases, and the in-
person interviews congdugted. A main study limitation included the use of proxy respondents among
the cases and controls ditiiig the exposure assessment. The study indicated that 30% and 34% of the
total cases and controls useg proxy respondents to report their exposure, which may have contributed
to mformation bias and led;1o exposure misclassification. Another study limitation included potential
recall bias, as the cases living with the outcome may have remembered certain past exposures more
accurately than the controls. As a result, this recall bias may have led to exposure misclassification as
well. Another limitation of the study is that it appears the authors compared the odds of cases of
exposed farmers to nonfarmers, instead of exposed farmers to unexposed farmers, and any effects
found from these comparisons might not be due to the chemical exposure but instead due to different
risk of disease between two different subpopulations (farmers vs. nonfarmers). Another study
limitation included the fact that case and control selection methods differed between each study and
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likely led to selection bias, and different methods were used to collect pesticide use information (list
of pesticides vs. voluntary recall). We also note the very small number of dicamba-exposed cases
which severely restricts the interpretability of the odds ratios between dicamba exposure and NHL.

¢ In another study, McDuffie et al. (2001) evaluated the potential association between pesticides,
including dicamba and NHL by conducting a population-based case-coiytrol study among men living
in Canada, known as the Cross-Canada Study of Pesticides and Health Study (CCSPH). Incident
NHL cases included males who were: > 19 years of age, diagnosed with NHL‘between September
1991 to December 1994, who resided in either Quebec, Ontarjg; Albeita, Saskatchewan, Manitoba, or
British Columbia. Cases were ascertained using cancer registies or hospital ascertainment (Quebec
only), and pathology slides were reviewed by pathologists:for validation Athors reported that 84 %
(436 of 517) of the NHL tumors were validated. Controls Wepe randomly selécied males from either
health insurance records, telephone directories (Outirio) or voters lists (Britishiiolumbia), who
resided in the same Canadian provinces, and wegre iatched to the cases via age (£Z years). A postal
questionnaire was mailed to the confirmed cases to #ss¢ss pesticidg exposure, and follaw-up
telephone interviews regarding detailed pesticide use wereiconducted. for each subject Whaireported
more than 10 hours/year of pesticide use. The response rates for the cases and controls was 67i1% and
48.0%, respectively. A conditional logi§tic regression was usegl {o calculate ORs and 95% ¢fs for
individual pesticide exposures includingidicamba, adjusting for‘age:and province of residence.
Among the total NHL cases (n = 517), 73'teparted exposure to dicamba, and 131 of the 1,506
controls reported dicamba exposure. Evidence of a positive association was reported for any dicamba
exposure {including mixturesy’® when the model was adjusted for age and provinee of residence (OR
=1.68:95% CI: 1.00, 2.81; with n = 26 exposed cases and 11 = 31 exposed controls), and when the
model was further adjusted for additional medical variables (OR — 1.88. 95% CI. 132, 2.68: withn
= 73 exposed cases and n = 131 exposed controls). iliowever, wheti dicgmba exposure was limited to
products with dicambaids the onlyiaetive ingredient, 1o evidence of aisignificant positive association
was reported for either model (adjustinent for age and grovince — OR = 1.59; 95% CI: 0.95, 2.63;
adjusted: gt sioe, province ‘andimedicalvariables — OR =i}.,68; 95% CI: 1.00, 2.81; withn = 26
exposed casesiand e 31 exposed contrplsyi:In an additiongl analysis that analyzed frequency of
exposure to dicamba (agian individial compoundythat divided days per year of exposure into two
¢ategaries of lifetime expasure (noexpasure vs. > Tiday per year of exposure), no evidence of a
signifigant positive associatioiwas reported for > 1 day per year of dicamba exposure and NHL (OR
= 1.58;95%.CIL: 0.96, 2.62; witlin = 26 exposed cases and n = 50 exposed controls), with the no
exposure grolip. as the referent.

The overall quality of the study wig ranked moderate based on the study quality criteria provided in
the OPP Framework: $tndy strengtlis included the study design, age matching the cases to the
controls, the adequate’siatistical niethods, and the measures taken to ascertain the study cases. A main
study limitation includedhenise of proxy respondents among the cases and controls during the
exposure assessment even though authors attempted to minimize the number of proxy respondents by
making deceased ineligiblé to participate. Authors did not specify the percentage of the total cases
and controls that used proxy respondents to report their exposure. Use of proxy respondents may have
contributed to information bias and led to exposure misclassification. Another study limitation
included potential recall bias, as the cases living with the outcome may have remembered certain past
exposures more accurately than the controls. As a result, this recall bias may have led to exposure

26 For any dicamba exposure, authors included exposures to dicamba as the sole active ingredient and to products that were
mixtures that contained active ingredients in addition to dicamba such as: dicamba and glyphosate; and dicamba, 2,4-D, and
mecoprop.

7 Medical variables included the following: history of measles, mumps, cancer, allergy, desensitization shots, and a positive
family history of cancer in a first-degree relative).
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misclassification as well. Another limitation of the study was the response rate. Only 67.1% of the
contacted cases and 48% of the contacted controls responded to the mailed questionnaire and were
included in the analysis. There may have been differences between those who responded and those
who did not respond.

e In an extended analysis of McDuffie et al. (2001), McDuffie et al. (2005) examined the effect of
using rubber gloves and handling the insect repellent, DEET on the association between pesticide
exposure including dicamba and NHL. Using data from the Cross-Canada Study of Pesticides and
Health Study (CCSPH), and methods as described in McDuffie et al. £2081) above, a conditional
logistic regression was used to calculate ORs and 95% Cls for indi¥icual pesticide exposures
including dicamba, controlling for age and province of residencg. Among the 513 NHL cases, 71
reported exposure to dicamba (52 exposed to both DEET andidicamby; 19 exposed to dicamba but not
DEET), and among the 1,506 controls, 128 reported dicambaigxposure {83.exposed to both DEET
and dicamba, 38 exposed to dicamba but not DEET). Im#in analysis that investigated the association
between co-exposure to dicamba and DEET and NHL; ‘evidenée of a positive giggociation was
reported between dicamba and DEET co-exposurg and NHL (OR = 1.84; 95% € 1,23, 2.75; withn
= 52 exposed cases and n = 93 exposed control§) However, no eyidence of a significant positive
association was reported between dicamba and NHL “wiien there wigs no DEET exposte{OR = 1.39;
95% CI: 0.77, 2.50; with n = 19 exposed cases and n = 38 exposedicontrols).

In an additional sub-analysis of the study population that was coniprised of farm dwellers/workers
only (n = 235 total cases and 673 controls}evidence of a positive association was reported between
exposure to dicamba containing herbicides (including mixtures) and NHL, when participants also
reported exposure to DEET and use of rubber gloves (OR = 2.04: 95% CL: 1.02, 406 withn = 18
exposed cases and n = 40 exposed controls) with no exposed group as the referent (no exposure to
DEEL, nor to dicamba containing herbicide, nor use of rubber gloves). However, no evidence of a
significant positiygassociation wasireported betweesexposure to'digaiibia containing herbicides
(including mixtures}igugd NHL, wheniparticipants alsg reported exposure to either DEET or use of
rubber gloves or reported no exposure to either DEET gr rubber gloves in a combined analysis (OR =
1.58; 95%.61:.0.90, 2.76 with.n = 28 exposed cases and'fr = 57 exposed controls) with no exposed
groupasithe referant (no expagiire to'BEET, nor to dicanihéiéontaining herbicide, nor use of rubber
glowes).

The'overall quality of the shudy was ranked moderate based on the study quality criteria provided in
the OPP Eramework. Study sireneths included the study design, age matching the cases to the
controls, the adequate statistical tethods, andithe measures taken to ascertain the study cases. A main
study limitationtincluded the usé of proxy réspondents among the cases and controls during the
exposure assessmielt even though anithors attempted to minimize the number of proxy respondents by
making deceased itighizible to parfigipate. Authors did not specify the percentage of the total cases
and controls that usediptoxy respaidents to report their exposure. Use of proxy respondents may have
contributed to information biasiand led to exposure misclassification. Another study limitation
included potential recall biag; as the cases living with the outcome may have remembered certain past
exposures more accurately;than the controls. As a result, this recall bias may have led to exposure
misclassification as well. Another limitation of the study was the response rate to the mailed
questionnaires. Only 67.1% of the contacted cases and 48% of the contacted controls responded to the
questionnaire and were included in the analysis. There may have been differences between those who
responded and those who did not respond.

e De Roos et al. (2003) mvestigated the association of NHL and specific pesticides including dicamba,
using a pooled analysis of three case-control studies CCantor et al,, 1992: Hoar et al., 1986; Zahm et
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al., 1990). These three studies were performed by the National Cancer Institute to evaluate pesticide _.-{ Commented [JE11]: mal hese are included in e
exposures and NHL in four Midwestern states within the United States, lowa, Nebraska, Kansas, and Ll J
Minnesota. The recruitment phase of each study differed. For Nebraska, cases were defined as
Caucasian male subjects, diagnosed with NHL between July 1983 and June 1986, who lived in
eastern Nebraska (one of the 66 counties) and were aged > 21 years old.”® Cases in Nebraska were
identified through the Nebraska Lymphoma Study Group and local hospitals. In Kansas, cases were
randomly selected from the state cancer registry, were Caucasian mgle'sibjects, diagnosed with NHL
during 1979 and 1981, and were aged > 21 years 0ld.”® In Minnestita and Iow4, cases were recently
diagnosed with NHL, Caucasian male subjects, and aged > 30:9ears ald.*® These cases were
ascertained using records from the state cancer registry between 198151983 in Iowa, and from a
surveillance program in hospitals and pathology laboratgties iniMinnesota during 1980 to 1982.
Controls were randomly selected from a population of people]iving within'a similar geographic
location as the cases through Medicare records, ragilom digit dialing, and statéiigrtality files
(deceased only). Also, the controls were frequegey-iatched to cases through racé; s¢x, age and vital
status. Pesticide exposure was assessed through questiohnaires administered by interviewers to study
participants or proxy respondents (if respondents were deveased o1 iticapacitated), usingiaseries of
exposure-related questions asked in various ways (e.g., directly vs opetisended questionsydepending
on the state. A logistic regression and # hierarchical regressioi were used to calculate odds;gittios and
95% confidence intervals for individual ‘pesticide exposures, and ¢gch was adjusted for all of the other
46 pesticides assessed in this study, age, and“study location. Amorng the total number of cases (n =
870) and controls (n = 2,569), 545 (62.6%) of the cages self-reported exposure and 325 (37.4%)
exposure was reported via proxy respondent. Eor the contiols, 1,413 (554%4) self-reported exposure
and 1,156 (45.0%) repotted éxposure via proxy‘tespondent: When missing datd variables were
excluded from the gnalyses, 39 (6:0%) of 650 cases and 79 (47 10%):0f 1,933 controls reported
dicamba exposyge: N, evidence gl significant posiiive associationiwas reported between dicamba
exposure and NHL for Both the logistic and hierarchigal regressionsifOR = 1.20; 95% CI: 0.60, 2.30;
OR = 1.20; 95% CI: 0.78, 2:10), respectively.

Thesbverall quality ofithe study was ranked nioderate based on the study quality criteria provided in
thie OPP FrameworkiFheipooledstudy designenghled thie mvestigators to combine data from three
population-based case-copfrol studiés which increasedithe number of exposed subjects and made it
possible to include assessmiéntof dicambaeven though dicamba use was relatively rare in both cases
and controls (6.0% and 4.1% of ¢ases andigontrols, respectively). Another strength of the study was
that all casesiwere identified through establighed cancer registries and were clinically confirmed.
With regard to'limitations, recall'bigs was likely if the cases were more likely to recall past pesticide
use than control subyjects. The use vf proxy respondents (up to 37% of cases and 45% of controls) to
capture pesticide uséisiformationiwas considered a study limitation as recall by proxy respondents
may not be as accurate 4 from the actual pesticide user. Authors reported higher ORs for proxy
respondents than for direct gespondents. Additionally, the case selection methods differed between
each study which likely led to selection bias and different methods used to collect pesticide use
information between studies potentially led to misclassification of exposure. Certain participants who
were prompted with a list of pesticide names may have remembered their pesticide exposures more
accurately than those who were not prompted with pesticide names.

28 Zahm SH, Weisenburger DD, Babbitt PA, et al. A case-control study of non-Hodgkin’s lymphoma and the herbicide 2,4-
dichlorophenoxyacetic acid (2,4-D) in eastern Nebraska. Epidemiology 1990; 1:349-56.

2° Hoar SK, Blair A, Holmes FF, et al. Agricultural herbicide use and risk of lymiphoma and soft-tissue sarcoma.
JAMA,1986;256:1141-7.

3 Cantor KP, Blair A, Everett G, et al. Pesticides and other agricultural risk factors for non-Hodgkin’s lymphoma among men in
Towa and Minnesota. Cancer Res 1992; 52:2447-55.
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e Hartge et al. (2005) investigated the potential association between dicamba exposure and other
pesticides and NHL in a population-based case-control study in the United States. Using data from
the Surveillance Epidemiology and End Results (SEER) cancer registries, cases included adults > 20
— 74 years old, diagnosed with NHL during 1998 to 2000, who lived in one of the four areas Los
Angeles, Detroit, Seattle, or Iowa. Controls were selected via random digit dialing (for those aged 20
— 64 years old) or through Medicare records. Pesticide exposure including dicamba was assessed
through in-home interviews for study participants who lived at their residence for at least 2 years
since 1970. During the home visit, vacuum cleaner bags were collected to detect pesticides in carpet
dust from a subset of residents who used their vacuum cleaner in the past.year and owned at least half
of their carpets for > 5 years. Gas chromatography/ mass spectrometry was'used to detect dicamba
along with four other herbicides in the carpet dust samples (dicamba.detection limit: 85.3 ng/g).
Logistic regression was used to calculate RRs and 95% Cls fo pesticiude exposures including
dicamba, adjusted for age, residence, sex, education, and raéé. Among e 1,728 cases and 2,046
controls for whom interviews were attempted, 1,321 casésiand™,057 contrsls completed the in person
interviews and the final data set included 679 cases a5 10 cantrbls with carpét.dust samples.
Authors reported that detection of dicamba in carpst'dust samples correlated very well with self-
reported usage patterns. No evidence of a positi¥ieiassociation was reported for theéagsociation
between dicamba exposure and NHL among respondénts reporting;>> 50 applications'awith levels of
dicamba at or above 500 ng/g in carpet dust samples (RR #0.85; 95% CI: 0.20, 3.62, the figmber of
exposed cases and controls not reported) when compared ta thoge who reported no herbicide ¢xposure
and no dicamba was detected in their ciipet dust samples (18% cases and 146 controls). In an
exposure-response analysis using dicambg levels detected in carpetidust samples to estimate dicamba
exposure, the following quartiles of exposuréiwere constructed: belawithe detection limit (85.3 ng/g),
<500 ng/g, 500 - 999 ng/g, and < 1,000 ng/¢;RRs wete calculated forigach quartile, with below the
detection limit as the referent. No evidence of'y significantipositive assoc¢igtibnwas reported for the
association between dicambs éxposure at any level of detectionin carpet dugt'samples and NHL (0.63
> all RRs > 1.16; all 95% Clg'encompassed the nil] valie 1.0; Within = 6 484 exposed cases per
exposure categoryyi Although a pirend was not repogted, there appegred to be no evidence of an
exposure-response treidion visual iispection.

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. Study strengths ineluded the use of the SEER cancer registry to identify cases,
and the reported exposure correlated with detected exposure in carpet dust samples. Limitations
mcluded potential recall bias due to cases potentially remembering exposure differently than controls
and different selection methods used for cases and controls.

e Czarnota et ali{2015) investigated the assogiation between pesticide exposure, including dicamba,
and NHL 1n a population-based case control study at four NCI SEER study sites in the United States.
The study populatiag fncluded patticipants living in Iowa, Los Angeles, California, Seattle, Washing
and Detroit, MichiganiiCases included those aged 20 — 74 years with a primary diagnosis of NHL
between July 1998 and Jupe 2000, living in one of the four study areas. Those cases who were no
longer living, who had HIV, or whose physician refused to participate were ineligible for the study.
Of the 1,728 eligible casesithat were contacted, 1,321 (76%) participated. Controls included
participants selected from either Center for Medicare and Medicaid Services files (>65 years old) or
from the general population using random digit dialing (<65 years old). Controls were frequency
matched to cases by age (+ 5 years), sex, race, and study site. Of the 2,046 eligible controls contacted
to participate, 1,057 (52%) participated in the study. Pesticide exposure was assessed using dust
samples collected from vacuum cleaners between February 1999 and May 2001. Dust samples were
collected from consenting participant’s vacuum cleaners if the vacuum was used in the past year and
if participants owned at least half of their rugs for five or more years. Of the samples collected from
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695 cases and 521 controls, 682 (98%) samples from cases and 513 (98%) of controls ?W@re
successfully analyzed between September 1999 and September 2001. Authors noted a change in | Commented [JE121: may nocd to referanice othor study to fuuq
analytic procedures during the study resulted in increased detection limits for methoxychlor from 20.7 i describe this.
to 62/5 ng/g). The detection limit for dicamba was 42-84 ng/g. Chemical concentrations were

assumed to follow a log-normal distribution and missing values were imputed to create 10 complete

data sets for dicamba and the other 26 analytes. Quartiles of exposure were created based on study

site specific cut points based on the distribution of cases and controls combined. Nonlinear logistic

regression was used to determine ORs and 95% CIs for the association between exposure to

individual pesticides, including dicamba, and NHL, adjusted for age, rage, sex and education level.

The OR for three highest quartiles were compared to the first quartile of éxposure was reported for

dicamba. Additionally, authors analyzed the association between: exposure to d mixture of 27

chemicals and NHL. As this is not the focus in this memo do ggtpresent the results for the mixture

analysis. In the analysis of the association between dicambaiexposure‘and NHL among all study sites

combined, no evidence of a positive association was repgtted (AR = 0.74:95% CI: 0.53, 1.04).

Similarly, no evidence of a positive association was reportedfor three of theidisiar study sites when

considered separately (lowa - OR = 0.48; 95% CL:8.26, 0.90; p-value = 0.02; Segttle - OR = 0.41;

95% CI: 0.22, 8.76; p-value < 0.01; Los Angelesi- OR. = 0.93; 95% CI: 0.48, 1.8, pivalue > 0.05).

And for the analysis using data from the forth study sitg; Detroit, tig evidence of a significant positive

association was reported for the association between dicatitha and NHL when the top threéexposure

quartiles were compared to the lowest exposure category (OR:=:1.07; 95% CI: 0.45, 2.54;'p-value >

0.05). Authors did not report the numbeiiof cases that reported dicamba exposure (overall gr by study

site).

The study quality was ranked moderate quality bagsed on the study qualityicriteria provided in the
OPP Framework. The ability to identify canceticases through linkage to canjceriregistries and a
matched case control:itialysis were strengths. Howeverythe'exposure assesgment approach which
examined ever exposire to diciila through dust shuiples collected fromiin the home a few years
after cancer diagiiosisiwas a limitdtion. Additionally; as pointed outihy authors, the single chemical
analysis, did not take itité:account ¢otifounding by other chemicals. Finally, the number of cases and
controls with dicamba exposure were not reported but would have been helpful in assessing the effect
measuzes;:

e Samanic et al., 2006 exaniined the'asgociation between dicamba exposure and several cancers,
inclitdivig NHL among pésticide applicators in the AHS prospective cohort. The study population
included niale pesticide applicators living inxlowa and North Carolina who completed the AHS
enrollmentiguestionnaires and'hgd complete data on dicamba and covariates. Cases of incident cancer
(first primary gancer) diagnosed between epfollment (1993 - 1997) and December 31, 2002 were
identified via littigage to state cancer registries. Those who reported cancer at the time of enrollment
(n = 1,075) or were missing information about dicamba (n = 6,362); or missing information about
covariates (n = 6,608 )were exclyded from the analysis. Females were excluded from the analysis
because there were only fou.edncer cases among female participants. Pesticide exposure was
assessed using responses about pesticide exposure captured on the enrollment questionnaires. Poisson
regression was used to estifiiate individual RRs and 95% CIs, for the association between dicamba
exposure and several cancers, adjusting for age, education, state of residence, smoking (pack years),
family history of cancer, and total lifetime days of pesticide application. Lifetime exposure days were
grouped into tertiles on the basis of the distribution among all cancer cases combined and the highest
tertile was divided at the median to create the following categories for lifetime exposure days for all
cancer types: No exposure, 1 to < 20 days, 20 to < 56 days, 56 to < 116 days, and > 116 days. For the
intensity-weighted lifetime exposure days analysis, categories of exposure included no exposure, 1 to
< 86.6, 86.6 to0 < 344.3, 344.3 t0 < 739.2, and > 739.2 intensity-weighted days. Among the 41,969
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male pesticide applicators included in the analysis, 22,036 (52.5%) reported exposure to dicamba. Of
the 85 NHL cases included in the analysis, 41 reported exposure to dicamba. No evidence of a
significant positive association was reported for lifetime days of exposure and NHL at all exposure
levels with the no exposed group and the low exposure group as the referent (0.54 <all RRs < 1.75;
all 95% Cls encompassed the null value of 1.0; with n =7 — 18 exposed cases per exposure category;
all p-trends > 0.05). Similarly, no evidence of a significant positive association was reported for all
exposure categories of intensity-weighted lifetime exposure days and NHIL with the no exposed group
and the low exposure group as the referent (0.46 < all RRs < 1.43; glli95% €ls encompassed the null
value of 1.0; with n = 4 — 18 exposed cases per exposure category; all p-trends > 0.05). We note
several categories had a very small number (< 10) of exposedigases pepexposure category.

The quality of the study was ranked moderate based ongthe study. quality Critéria provided in the OPP
Framework. The ranking was based on the general sigengths ofthe AHS, inchiuding its prospective
design, ability to identify cancer cases through likage to cancer registries, and éxpasure assessment
approach which examined cumulative lifetime®Xposiire to dicamba. Limitations wegenoted including
the fact that the authors did not correct for/adjust for multiple compiarison/multiple testitte and that we
would expect several statistically significant results to go:gway after such statistical adjustmient.
Results from the ever/never use analygis were not reported We:also note'that the number 6f exposed
cases per exposure category for severaliofithe significant findifigsiwas small (n = 10).

e Leonetal. (2019) examined the associationibetweenpesticide exposiire and cancer in agricultural
workers, including dicamba and NHL, in a pooled aniysis of data fromithriee agricultural cohort
studies, including AHS#48 part of the AGRICOH. The AGRIGOH is an intepmational consortium of
agricultural cohort stitdies thit paol data to investigate:dhealth sutcmes. The three cohorts included in
this meta-analysig tiivestigating éifects of pesticide éxposure on NHL were: (1) the AHS (data from
private pesticide applicators only, commercial applicators excluded) of the United States; (ii) the
Agriculture and Cancerif AGRICAN) cohort of France;jgnd (iii) the Cancer in the Norwegian
Agricultural:Popnlation (CNAP) coliost of residents of Nerway. The three prospective cohorts
assessediall theident.cases of IHE and subtypes self-reported during follow-up (the date of
enfoltment for AHS and: AGRIGAN participantsiand 1993or CNAP, the earliest year of follow-up)
arid through periodic data linkages'to bancer and mortility registries. Specifically, for the AHS, this
metasgnalysis includes daty from the AR private pesticide applicators (commercial applicators were
excluded); who enrolled between 1993 21997, with registry linkages until December 31, 2010 (North
Carolina) and:December 30, 281 1:(Iowa). IJicamba exposure was assessed through self-report of ever
exposure {o péstigide active-ingredients (AHS) and self-report of crops cultivated combined with
country-specific'¢rop-exposure matrices (AGRICAN and CNAP): enrollment for the AGRICAN was
2005 — 2007 and for CNAP, owners and non-owners using a farm (“farm holders”) and their families
were included in at least dne of five national agricultural and horticultural censuses performed during
1969, 1974, 1979, 1985, 411989 by Statistics Norway. Cohort members were linked with
appropriate cancer and morfglity registries and the U.S National Death Index (AHS and CNAP only)
to identify cases of NHL. €ox proportional hazard regression models were used to estimate the
association between ever use of dicamba and incident NHL for each cohort, with never exposure as
the referent. The AHS cohort specific regression model was adjusted for sex, state of residence,
livestock (animal production), and pesticides terbufos, lindane, DDT, permethrin, dicamba, parathion,
and carbaryl.>' Resulting individual cohort estimates for dicamba were then combined using random
effects meta-analysis. Among the 316,270 agricultural workers included in the combined study

31 Each cohort Cox regression was adjusted for slightly different covariates: AGRICAN: sex, livestock, retirement status, number
of selected types of crops for which pesticide treatment personally applied. CNAP: sex, livestock, dichlorvos, aldicarb, lindane,
DDT, deltamethrin, mancozeb, linuron, glyphosate. AHS: sex, state, livestock, terbufos, lindane, DDT, permethrin, dicamba,
parathion, carbaryl.
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population, 2,430 were cases of NHL (493 cases were participants of the AHS cohort). The AHS
cohort-specific risk estimate for the association between dicamba exposure and NHL was not
reported. The authors reported no evidence of a significant positive association for dicamba ever
exposure and overall NHL (i.e., all subtypes considered together) (HR = 1.04; 95% CI: 0.90, 1.19,
with n = 815 exposed cases) and no evidence of a significant positive association for dicamba and any
of the NHL subtypes in the meta-analysis (0.81 <HR < 1.21; all 95% CIs encompassed the null value
of 1.0; with n = 73 — 815 exposed cases per category, p-trend > 0.05).

The quality of the study was ranked low based on the study quality crifétia provided in the OPP
Framework. Strengths of the study included the combination of thygevery large international
prospective cohort studies which increased the ability to detect gpidemiological associations. Study
limitations included differing exposure measurement methods tsed within the three studies, and
potential exposure misclassification since the analysis of the'¢ombined'¢ahort did not consider re-
entry tasks through which contact with previously appligd pesticides may ‘have occurred. For
example, only one of the two cohorts, the AHS cohogtiuses actal exposure Hifiigmation collected by
individuals through self-administered questionnaires; the French AGRICAN stiidyand the Norwegian
CNAP study instead rely on information from g'¢rapiexposure matrix (CEM) to dérive estimates of
ever-exposure to glyphosate (among other pesticides}. No actual pesticide exposure megsurements
were made in the AGRICAN or CNAP studies nor were'specific guestions about specifie pesticide
applications or application practices agked; instead, a variety gfvery general and very genetic
assumptions were made which likely leadito what might be a Substantial degree of exposure
misclassification. In addition, the study protagol was such that exposure misclassifications may have
been exacerbated since analysis of the conibitied tohort did not consider re-entry tasks through which
contact with previously applied pesticides may have geéeurred and whieliinay equal or exceed
pesticide exposure through application. An addjtional complication was thit sueh re-entry work was
not evenly distributedthrougl the cohort. For example,73% of the males and56% of the females in
AGRICAN reported performing re-entry work in wineydrds whieliisia.carély reported crop in the US
AHS (1%) -- and"¢angsisted itself'0f 97% male farmegs. An additional Jimitation included the fact that
the three cohorts differedin fundamental ways including the age of the participants (the AHS
members tended to be younger at the start of follow-up}and there was a larger percentage of
AGRIGAN: wonien participants, Furthetidifferent statistical adjustments were made depending on
what eovariates wete measured i each ‘ot the individual cgliorts: The AGRICAN study did not adjust
for cigarette smoking ialeohol intakeyor famuly sty s cancer as the US AHS did but did adjust for
animgliproduction and fot different pesticide active ingredients from those adjusted for and published
in the USAHS study. Study guthors didigtate that improvements were planned, specifically indicating
that the specificity of the exposute assignments:will be improved by incorporating the probability of
pesticide use gid adding parameters reflecting duration, frequency, and use intensity.

e Lerro et al. (2020) investigated the gssociation between dicamba exposure and several cancers
including NHL using ‘data. from the’AHS prospective cohort that included additional cases and longer
follow-up time than Samagig.efal. (2006). The study population (n = 49,992) consisted of pesticide
applicators living in Iowa ang North Carolina who were enrolled in the AHS cohort and who reported
information on dicamba exposure at enrollment and follow-up. Incident cancer cases were identified
using lowa and North Carolina state cancer registry files from enrollment (1993-1997) through
December 2014 in North Carolina and December 2015 in Iowa. International Classification of
Diseases for Oncology (ICD-0-2) codes were used to classify cancer sites. Dicamba exposure was
assessed through the enrollment questionnaire (1993 — 1997) and the first follow-up interview five
years after enrollment (1999 — 2005). Multiple imputation was used to estimate pesticide exposures at
follow-up for individuals who did not complete the interview (n = 20, 968, 37%). Poisson regression
was used to calculate relative risks and 95% confidence intervals for each category of intensity-
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weighted days of dicamba use compared with no use, adjusting for age, race, sex, smoking, state,
applicator type, education, imazethapyr use (Spearmen p = 0.49), and family history of cancer.
Cumulative intensity-weighted days were categorized as no exposure or quartiles of exposure among
all incident cancer cases for sites with > 20 exposed (no use, 5.0 — 449.5 days, 449.6 - 1260.0 days,
1260.1 — 3,698 days, >3,689 days) or based on the median, as no, low or high exposure for cancers
and subtypes with 10-20 exposed cases (no use, 5.0 — 1,260.0 days, > 1,260.0 days). Among the
49,922 applicators, 26,412 (52.9%) reported dicamba exposure and among the 620 cases of NHL, 352
reported dicamba exposure. No evidence of a significant positive association was reported for NHL
(all subtypes included) for any exposure category of cumulative intensify-weighted days of use (0.99
< RR < 1.25; all 95% Cls encompassed the null value of 1.0; with = 782996 exposed cases per
category, p-trend > 0.05).

For the NHL subtype mantel cell lymphoma, evidence of a strong posttive association was reported
for both the low and the high exposure categories for cumulative intensity-weighted days of dicamba
exposure and mantel cell lymphoma, among a small number of cases (Low - RR = 529: 95% CI:
341, 8.18; withn = 10 exposed cases; High - RR = 3.47: 95% CI: 2.06, 5.85; withn = 8 exposed
cases; p-trend > 0.05), and no evidence of a sigfficant exposure-response trend. For the NHL
subtype chronic/small lymphocytic leukemia, evidence of a significant negative association was
reported in the lowest exposure category among a small number of cases (5.0 4495 davs -~ RR =
0.74:95% CL: 0.59,0.92; with n = 17 exposed cases; p-trend < 0.05). No-evidence of a siggifieant
positive association was reported for afyiexposure category offcimulative intensity-weighted days of
dicamba exposure and chronic/small lymghocytic leukemia and otlies NHL subtypes (0.65 <RR <
2.07; all 95% CIs encompassed the null valye'of 1:0; with n = 4 - 20 ekposed cases per category, p-
trends > 0.05).

The overall quality gfithe study was ranked moderate based onithe.study quality criteria provided in
the OPP Framewoirk: The general gtrengths of the publication included:thié underlying prospective
design of AHS;"focus on U.S. agricultural populations, and availability'of a U.S. registry to
comprehensively identify ieancer cdses. Lerro et al. (2620) indirectly assessed dicamba exposure
based on the AHS survey'instrument; Limitations included over forty statistical tests between
dicambia and different types ‘of cancérs without statistical’¢eirréction for these multiple comparisons
angd'that several of'thie statistically signiticant resnlts would likely no longer be significant after
statistical adjustment. Results fromithie ever/neveriige analysis were not reported. We also note that
the niinber of cases per expusure categtry for several of the significant findings was very small (n <
10). Finally, the mantle cell'lymiphoma fiiding is a first time (exploratory) finding and AHS practice
is to requite gisecond follow-oxt ¢anfirmatory firding to begin to consider making any

conclusions. “F s latter point is a¢knowledged by the study authors who conclude that future
epidemiologic work.on dicamba shiould focus on replication of their study findings.

EPA Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationsliip between dicamba exposure and NHL among men. Nine available
epidemiologic studies (Cantor et al., 1992; McDuffie et al., 2001; McDuffie et al., 2005; De Roos et al.,
2003; Hartge et al., 2005; Samanic et al., 2006; Czarmnota et al., 2015; Lerro et al,, 2020; Leon et al., 2019)
examined the association between dicamba exposure and NHL.

Cantor et al. (1992) reported no evidence of a significant positive association between dicamba exposure
and NHL among farmers in Iowa and Minnesota based on ever/never use. The study quality was ranked
moderate and several limitations were noted including potential information bias due to use of proxy
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respondents, recall bias, as the cases living with the outcome may have remembered certain past
exposures more accurately than the controls, comparison of farmers to nonfarmers, different case and
control selection methods and different pesticide exposure assessment methods (list of pesticides vs.
voluntary recall). McDuffie et al. (2001, 2005) reported no evidence of a significant positive association
between dicamba exposure and NHL among participants in the Cross-Canada Study of Pesticides and
Health Study and both studies were ranked moderate. De Roos et al. (2003) reported no evidence of a
significant positive association among farmers in the NCI pooled study population (from Iowa,
Minnesota, Kansas, and Nebraska) when compared to non-farmers using the hierarchical regression
statistical method, in addition to logistic regression. The overall quality of the study was ranked moderate.
Hartge et. al. (2005) reported no evidence of a significant positive assogiation between dicamba and NHL
among a population-based case-control study. The study quality waszintked modetate. Limitations
included potential recall bias due to cases potentially rememberingiexposupe differently than controls,
different selection methods used for cases and controls, and datagmputation for missing data.

Czamota et al. (2015) reported no evidence of a positive association between dicamba exposure and NHL
in an analysis that combined data from four NCI SEER Study sites in a case-control apalysis comparing
the top three exposure quartiles to the lowest exposyre guartile. Several limitations werg noted including
the exposure assessment approach which examined everéxpasure to dicamba through dust samples
collected from in the home a few years after cancer diagnosigiwas a limgiation. Additionally;fiicomplete
control for confounding by other chemical exposures in the individual analysis was considered g
limitation. Finally, the number of cases andiggntrols with dicamba éxposure were not reported bist would
have been helpful in assessing the effect meagures,

Samanic et al. (2006) reported no evidence of a'signifiguiit positive assoctation between dicamba and
NHL (all subtypes combined) among pesticide applicatorsiii the AHS prospective cehort. And, Lerro et
al. (2020), similarly reportéd no evidence of a significant positive association for overall risk of NHL with
longer follow-up time afid'a gredtér number of exposed cages. The'quality of beth studies was ranked
moderate. Limitatiogs for:both Samanic et al. (2006) angd Lerro et al. (202¢ included that authors did not
correct for/adjust for multiple comparisor/multiple testing; We would expect several statistically
significant results to go away after such statistical adjustment. Results from the ever/never use analysis
were not repgriédiWe also note that the number of exposed ‘dases per exposure category for several of the
significagt finidingsiwissmall (n 18y For the NHL subtype, mantle cell lymphoma, Lerro et al. (2020)
reported evidence of a strong positive association at both the low and high exposure levels, however this
was among a very small (<10) number of exposed cases.ifHe very small number of cases severely
restricts the ability to interpretiwith confidéndée the observed effect estimates as well as our ability to
assess the exposure-response relationship. AHR practice is to require a second follow-on confirmatory
finding to beginitgiconsider making any conclusigns. Additionally, this was a first time (exploratory)
finding and was acknowledged by the study authors who conclude that future epidemiologic work on
dicamba should focusiptireplication ofitheir study findings.

Lastly, Leon et al. (2019) exainined the association between dicamba exposure among agricultural
workers and non-Hodgkin lympliging in a pooled analysis of data from three agricultural cohort studies,
including the AHS cohort, as part'of the AGRICOH consortium. The study reported no evidence of a
significant positive associatiori‘for dicamba exposure and NHL. The quality of the study was ranked low.
Study limitations included differing exposure measurement methods used within the three studies, and
potential exposure misclassification since the analysis of the combined cohort did not consider re-entry
tasks through which contact with previously applied pesticides may have occurred. Additionally, the three
cohorts differed in fundamental ways including the age of the participants (the AHS members tended to
be younger at the start of follow-up) and by the different statistical adjustments made within the
individual cohorts depending on what covariates were measured.
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Multiple Myeloma

Five publications (Brown et al., 1993; Pahwa et al., 2006; Pahwa et al., 2012; Leon et al., 2019; Lerro et
al., 2020) assessed the association between exposure to dicamba and multiple myeloma (MM).

¢ Brown et al. (1993) investigated the association between dicamba exposure and MM among men
using data from three concurrent case-control studies conducted between 1981 — 1984 among MM
cases in Jowa and non-Hodgkin lymphoma (NHL), and leukemia in Minnesota. MM cases included
Caucasian men, > 30 years old, who were diagnosed with MM between 1981 and 1984 and who lived
in Jowa. Cases of MM were identified via the Iowa Health Registry and confirmed by a pathologist
using pathology and laboratory reports. Controls were identifiedithrongh random digit dialing,
Medicare records, and state death certificates and included Cgucasian men who did not have
lymphatic or hematopoietic cancer. Controls were frequency“matched to the cases by age (within 5
years) and vital status (living or deceased) at time of intérview. Exposure was.assessed using a self-
administered questionnaire; in-person interviews weggiconducted with next-ofkin if the study
participant was deceased. Proxy respondents werg iised to complete in-person iifgyviews for deceased
cases (41%) and controls (30%). Logistic regredsion was used to:calculate the OR'and;95% CI for the
association between dicamba ever use and MM, adjusting for age #nd vital status, with onfarmers as
the referent group. Education and smoking were considegi:but foundinot to be confounders, Ofithe
total 173 MM cases and 650 controlsj:10 cases and 43 contrulyreported éxposure to dicamby No
evidence of a significant positive associgtion was reported between dicamba ever use and MM,
among a small number of cases, with the nonfurmers as the referent(OR = 1.30; 95% CI: 0.60, 2.80).

The overall quality of the study was ranked nroderate based on the study guality criteria provided in
the OPP Framework. Study strengths included the case-cotitrol study design,fieduency matched
cases to the controlsggase ascertainment, and the in-perstit interviews. A migi study limitation
included the use of proxy respandents (41% of casgsand 30% ofiemitrolsito collect pesticide
exposure infornfationThis limitatioh likely contributed to informatipn bias and led to exposure
misclassification. Anotligr, study limitation included potential recall bias, as the cases living with the
outcome may have remetibired certain past exposures hore accurately than the controls. As a result,
this regatl bias ikely led to exposure miselassification as'syell:Finally, authors compared the odds of
cage§ of exposedifarniers to nonfarmers;instead of exposed farmers to unexposed farmers, and any
effests found from these tomparisénis might othe divesb the chemical exposure but instead due to
different risk of disease between twoidifferent subpopulations (farmers vs. nonfarmers).

e Pahwa et 4l {2006) investigated the potential agsociation between pesticides, including dicamba and
MM, Hodgkiti L ymphoma and Soft Tissue Sdrcoma by conducting a population-based case-control
study among meg living in Canadaiknown as the Cross-Canada Study of Pesticides and Health
(CCSPH). The study population ingluded males > 19 years old who lived in one of six Canadian
provinces and completedia postaliguestionnaire. Deceased participants were excluded from this
analysis of the CCSPH daig:Cases of multiple myeloma included those adult males diagnosed
between September 1991 to December 1994 and were ascertained via provincial cancer registries or
hospital ascertainment (Quebec only). Cases were validated by a pathologist who reviewed pathology
slides. Controls were randomly selected males from either health insurance records, telephone
directories (Ontario) or voters’ lists (British Columbia), who resided in the same Canadian provinces
as cases, and were matched to cases via age (& 2 years). A postal questionnaire was mailed to cases
and controls to assess pesticide exposure, and follow-up telephone interviews regarding detailed
pesticide use were conducted for each subject who reported more than 10 hours per year of pesticide
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use. The response rate for cases and controls was 67.1% and 48.0%, respectively.*” Exposure to
dicamba included pesticides with dicamba as the main active ingredient (3,6 dichloro-2-
methoxybenzoic acid) and mixtures of herbicides including dicamba as one of multiple active
ingredients. Conditional logistic regression was used to calculate ORs and 95% CIs for dicamba and
dicamba containing mixtures and MM, adjusting for age and province gfresidence. Among the those
included in the analysis, 38 of the 342 MM cases reported exposure ¢ anydicamba containing
herbicide, and 131 of the 1,506 controls reported exposure to any:dicamba cohtaining herbicide. No
evidence of a significant positive association was reported forgny dicgmba exposure (including
mixtures)’> and MM (OR = 1.32; 95% CI: 0.87, 2.00; with ri= 38 expusdd cases and n = 131 exposed
controls). In an additional analysis that was limited to fariy workers/dwellers, only, no evidence of a
positive association was reported between exposure tgidicamba-containing herbicides and MM (OR =
1.00; 95% CI: 0.61, 1.65; with n = 27 exposed casgs;n = 97 exposed controlsyiAn.additional sub-
analysis that was conducted to determine if co-egpoisure to dicamba and DEET affécted the risk of
MM among participants reported no evidence of a stgnificant positive association beiween those
exposed do dicamba and DEET and MM (OR = 1.06; 95%4CL: 0.63,1.79; with n = 24"¢as¢s and n =
93 controls with exposure to dicambg and DEET).

The overall quality of the study was ranked inaderate based on the study quality criteria provided in
the OPP Framework. Study strengths included the study design, agé matching the cases to the
controls, and case ascertainment. Additionally, authorg:conducted a pilot study prior and a validation
exercise for the study questionnaire as means 't assessiéxpiosure accurately :Stuidy limitations were
related to the case-cogirol study design and consisted of thé putential for sefeétion bias and recall
bias. Another study limitation‘igeluded potential récall bias, as'the ¢ases living with the outcome may
have rememberngdiceriain past expasures more accurately than the contiols. As a result, this recall bias
may have led to exposué misclassification as well. Anpther limitation of the study was the response
rate to the mailed questiangaires. Ognly 67.1% of the cotifacted cases and 48% of the contacted
controlsifespinided to the questionuaeiand were includedian the analysis. There may have been
diffgrences between those whoiresponded andithose who did'not respond.

e Paliwg el al. (2012) investigdted the poténtial association between exposure to pesticides, including
dicambi, ind MM in a popiilation-based gise-control study among men in six Canadian provinces.>
Incident ¢asgs. of MM included miales >19%gags old with a first-time diagnosis of multiple myeloma
(ICD-0 M97323) between September 1, 1991 and December 31, 1994. Case were identified using
provincial cancer registries, with'the exception of Quebec where cases were ascertained based on
hospital records. Stigdy pathologists confirmed 36.5% of these cases using available pathology
materials. Controls mghided malgs > 19 years old who were randomly selected from either health
insurance records (Albetta; Saskatchewan, Manitoba, and Quebec), telephone listings (Ontario), or
voter’s lists (British Columibia) and were matched to cases based on age and residence. Pesticide
exposure was assessed using a self-administered questionnaire that also included questions about
demographic information, medical history, smoking history, and lifetime occupational and non-
occupational (hobbies etc.) history and pesticide exposure. An additional telephone interview was
administered to all participants with >10 hours of reported lifetime pesticide use and a 15% random

32 McDuffie, H. H., Pahwa, P., Robson, D., Dosman, I. A., Fincham, S., Spinelli, J. J., & McLaughlin, I. R. (2005). Insect
repellents, phenoxyherbicide exposure, and non-Hodgkin's lymphoma. T Occup Environ Med, 47(8), 806-816.
doi:10.1097/01.jom.0000167260.80687.78

33 For any dicamba exposure, authors included exposures to dicamba as the sole active ingredient and to products that were
mixtures that contained active ingredients in addition to dicamba such as: dicamba and glyphosate; and dicamba, 2,4-D, and
mecoprop.

3 The six Canadian provinces were Quebee, Ontario, Manitoba, Saskatchewan, Alberta, and British Columbia.
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sample of the remaining population who completed the self-questionnaire. Overall, participation rates
were 58% for contacted cases and 48% for contacted controls, yielding 342 cases and 1,506 controls.
Conditional logistic regression was used to determine ORs and 95% CIs for individual pesticides
including dicamba, adjusted for age, province of residence, and medical history variables (history of
the following: measles, mumps, allergies, arthritis, shingles, and a positive family history of cancer in
a first-degree relative). No evidence of a significant positive associaton:was observed between
exposure to dicamba as a chemical class and MM (OR = 1.33; 95% €1: 6198, 1.80; with n = 38
exposed cases and n = 131 exposed controls). Similar results werel feported when exposure to
individual dicamba herbicides (such as Banvel or Target) was gosisidered in the analysis (OR = 1.24;
95% CI: 0.64, 2.42; with n = 14 exposed cases).

The overall quality of the study was ranked moderate:bused on thee study quality.criteria provided in
the OPP Framework. Study strengths included thesstudy design, age matching the cases to the
controls, and case ascertainment. Additionally, authiors conducted a pilot study privgand a validation
exercise for the study questionnaire as means to assess exposure ageurately. Study litpifations were
related to the case-control study design and consisted ofithé potentialfor selection bias‘andirecall bias
as the cases living with the outcome may have remembered ¢ériaitt pastiexposures more aceurately
than the controls. As a result, this recall bias may have led to*exposure misclassification ag well.
Another limitation of the study was the respunse rate to the mailed guestionnaires. Only 67.1% of the
contacted cases and 48% of the contacted ¢ontrolsresponded to theiguestionnaire and were included
in the analysis. There may have been differétices betwieen those who regponded and those who did not
respond.

e Leon et al. (2019)examined the association betweepipesticide expositre.and cancer in agricultural
workers, includirig dicamba and MM, in a pooled analysis of data fromi three agricultural cohort
studies, including AHS; a5 part of the AGRICOH as dgscribed in more detail above. Briefly, this
study includes a pooled analysis ofidata from three cohogts to examine the association between
exposuiie o pesticides, includiig dicamba,.and MM. The'{hreg prospective cohorts assessed all
inciglent cases of Whiliand subtypes selftreporied during follow-up (the date of enrollment for AHS
#hd AGRICAN partiGipanits and 1993 for CNAP, the@arliest year of follow-up) and through periodic
daté litikages to cancer and mortalityregistries. Specifically, for the AHS, this meta-analysis includes
data frogithe AHS private pesticide applicators (commercial applicators were excluded), who
enrolled betsween 1993 — 1997, with registry litkages until December 31, 2010 (North Carolina) and
December 30, 2011 (Iowa). Dicamba exposiire was assessed through self-report of ever exposure to
pesticide activéineredients (AHS) ind self-report of crops cultivated combined with country-specific
crop-exposure mattices (AGRICAM and CNAP); enrollment for the AGRICAN was 2005 — 2007 and
for CNAP, owners and iion-owneys using a farm (“farm holders”) and their families were included in
at least one of five nationsiliagricittural and horticultural censuses performed during 1969, 1974,
1979, 1985, and 1989 by Statistics Norway. Cohort members were linked with appropriate cancer and
mortality registries and theitJ.S National Death Index (AHS and CNAP only) to identify cases of
NHL. Cox proportional hazard regression models were used to estimate the association between ever
use of dicamba and incident NHL for each cohort, with never exposure as the referent. The AHS
cohort specific regression model was adjusted for sex, state of residence, livestock (animal
production), and pesticides terbufos, lindane, DDT, permethrin, dicamba, parathion, and carbaryl
Resulting individual cohort estimates for dicamba were then combined using random effects meta-

35

* Each cohort Cox regression was adjusted for slightly different covariates: AGRICAN: sex, livestock,
retirement status, number of selected types of crops for which pesticide treatment personally applied.
CNAP: sex, livestock, dichlorves, aldicarb, lindane, DDT, deltamethrin, mancozeb, linuron, glyphosate.
AHS: sex, state, livestock, terbufos, lindane, DDT, permethrin, dicamba, parathion, carbaryl.
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analysis. Among the 316,270 agricultural workers included in the combined study population, 2,430
were cases of NHL (493 cases were participants of the AHS cohort). Authors considered MM a
subtype of NHL. No evidence of a significant positive association was reported for dicamba ever
exposure and MM among all participants in the analysis (HR = 1.21; 95% CI: 0.93, 1.59, withn =
179 exposed cases). And similarly, no evidence of a significant positive association was reported for
the association between dicamba exposure and MM among the AHS cohort (HR = 1.28; 95% CI:
0.77,2.13; with n = 47 exposure cases in the AHS cohort).

The quality of the study was ranked low based on the study quality critéria provided in the OPP
Framework. Strengths of the study included the combination of thygevery large international
prospective cohort studies which increased the ability to detect gpidemiological associations. Study
limitations included differing exposure measurement methodgiused within the three studies, and
potential exposure misclassification since the analysis of the'¢ombined'¢ahort did not consider re-
entry tasks through which contact with previously appligd pesticides may ‘have occurred. For
example, only one of the two cohorts, the AHS cohogfiuses actal exposure Hifiiymation collected by
individuals through self-administered questionnaires; the French AGRICAN stiidyand the Norwegian
CNAP study instead rely on information from g'¢rapiexposure matrix (CEM) to dérive estimates of
ever-exposure to glyphosate (among other pesticides}: No actual pésticide exposure mgzgsurements
were made in the AGRICAN or CNAP studies nor were'specific guestions about specifie pesticide
applications or application practices agked; instead, a variety gfvery general and very genefic
assumptions were made which likely leadito what might be a Substantial degree of exposure
misclassification. In addition, the study protagel was such that exposure misclassifications may have
been exacerbated since analysis of the conibitied tohort did not consider re-entry tasks through which
contact with previously applied pesticides may have geenrred and whielt fnay equal or exceed
pesticide exposure through application. An addjtional complication was that sueh re-entry work was
not evenly distributedthrougl the cohort. For eXample,73% of the males afid56% of the females in
AGRICAN reported performing re-entry work in wineydrds whieliisia.carély reported crop in the US
AHS (1%) -- and"¢angisted itself 0f 97% male farmegs. An additional Jimitation included the fact that
the three cohorts differedin fundamental ways including the age of the participants (the AHS
members tended to be younger at the start of follow-up}and there was a larger percentage of
AGRIGAN: wonien participants, Furthetidifferent statistical adjustments were made depending on
what eovariates wete measured i each ‘ot the individual cohiorts: The AGRICAN study did not adjust
for cigarette smokingjigleohol intakeyor family‘histoiyigf cancer as the US AHS did but did adjust for
animpliproduction and for different pesticide active ingredients from those adjusted for and published
in the U5 AHS study.

e Lerro et al. (2028) investigated the associatipn between dicamba exposure and several cancers
including MM tusing data from the AHS prospective cohort. The study population (n = 49,992)
consisted of pesticide applicators fiving in Iowa and North Carolina who were enrolled in the AHS
cohort and who reported information on dicamba exposure at enrollment and follow-up. Incident
cancer cases were identfigdiuging Iowa and North Carolina state cancer registry files from enrollment
(1993-1997) through Deceinbier 2014 in North Carolina and December 2015 in Iowa. International
Classification of Diseases for Oncology (ICD-0-2) codes were used to classify cancer sites. Dicamba
exposure was assessed through the enrollment questionnaire (1993 — 1997) and the first follow-up
interview five years after enrollment (1999 — 2005). Multiple imputation was used to estirate
pesticide exposures at follow-up for individuals who did not complete the interview (n = 20, 968,
37%). Poisson regression was used to calculate relative risks and 95% confidence intervals for each
category of intensity-weighted days of dicamba use compared with no use, adjusting for age, race,
sex, smoking, state, applicator type, education, imazethapyr use (Spearmen p = 0.49), and family
history of cancer. Cumulative intensity-weighted days were categorized as no exposure or quartiles of
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intensity-weighted days of exposure among all incident cancer cases for sites with > 20 exposed (no
use, 5.0 — 449.5 days, 449.6 — 1260.0 days, 1260.1 — 3,698 days, >3,689 days) or based on the
median, as no, low or high exposure for cancers and subtypes with 10-20 exposed cases (no use, 5.0
- 1,260.0 days, > 1,260.0 days). Among the 49,922 applicators, 26,412 (52.9%) reported dicamba
exposure and among the 136 cases of MM combined, 72 reported dicamba exposure. No evidence of
a significant positive association was reported for any exposure category for cumulative intensity-
weighted days of dicamba exposure and MM (1.24 < all RRs < 1.42; all 95% CIs encompassed the
null value of 1.0; with n = 15 — 20 cases per exposure category).

The overall quality of the study was ranked moderate based on the gtudy quality criteria provided in
the OPP Framework. The publication benefitted from the general strengths of the AHS including the
prospective design, case ascertainment using cancer registries; and the éxposure assessment. Multiple
comparisons were performed without correction or adjustment for multiple comparison/multiple
testing and this was considered a limitation. We would gxplect seyeral statistibally significant results
to go away after such statistical adjustment. Results fiom the ‘éyer/mever use anglysis were not
reported.

FEPA Conclusion

Overall, there is insufficient epidemiologicyl evidence at this time {o conclude'that there is a clear
associative or causal relationship between di¢ainba exposure and nygltiple myeloma (MM). Five
publications (Brown et al., 1993; Pahwa et ali; 20065 Pahwa et al., 20125 Leon et al., 2019; Lerro et al.,
2020) assessed the association between exposure, 1o dicamba and MM. Brown et al. (1993), reported no
evidence of a significant positive association between di¢amba and MM in % ¢ise-control study in Iowa.
The study quality was rankeditisoderate. Study limitations in¢luded.the use of proxy respondents and
recall bias which likely Jed 1o exposire misclassification ayd compayed two different subpopulations
(farmers vs. norfarmers) who have & different risk of disease. Pahwa et ali(2006) and Pahwa et al. (2012) . Ef Commented [JEA3]: Confirm this is true for Brown 1990 and
each reported no evidertee of a significant positive assoctation between digamba exposure and MM in the \Jame as Cantor 1992 bl

Cross-Canada Study of Pesticides and Health case-control'study. The study quality of both studies was

moderate and study limitationsifiicluded potential for selectign bias, recall bias. Leon et al. (2019)

examinedilie associgtion between dicamba exposure and MM agitong the three pooled agricultural cohort

studiegithat make up the AGRICOH: e of the shudy:populations included those of the AHS. No

evidénceiof a significant positive association was reported And the study was ranked low due to

limitationg with the pesticide expiisure assessment and potential misclassification, methods used to

measure covatiates and lack of adjustment for itnportant potential confounders. Finally, Lerro et al.

(2020) reported no.evidence of a sighificant positive association between intensity-weighted days of

dicamba exposureigiid MM among patticipants it the large AHS prospective cohort. This study was

ranked moderate quality:, While the sty benefited from the prospective design, case ascertainment, and

exposure assessment ofifhe, AHS, limitations were noted including multiple comparisons without

adjustment.

Melanoma

Two studies (Samanic et al., 2006; Lerro et al., 2020) assessed the association between exposure to
dicamba and melanoma.

e Samanic et al. (2006) examined the association between dicamba exposure and several cancers,
including melanoma among pesticide applicators in the AHS prospective cohort. The study
population included male pesticide applicators living in Towa and North Carolina who completed the
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AHS enrollment questionnaires and had complete data on dicamba and covariates. Cases of incident
cancer (first primary cancer) diagnosed between enrollment (1993 - 1997) and December 31, 2002
were identified via linkage to state cancer registries. Those who reported cancer at the time of
enrollment (n = 1,075) or were missing information about dicamba (n = 6,362); or missing
information about covariates (n = 6,608) were excluded from the analysis. Females were excluded
from the analysis because there were only four cancer cases among female participants. Pesticide
exposure was assessed using responses about pesticide exposure captured on the enrollment
questionnaires. Poisson regression was used to estimate individual RRs and 95% Cls, for the
association between dicamba exposure and several cancers, adjusting fo.age, education, state of
residence, smoking (pack years), family history of cancer, and total Jifétimédays of pesticide
application. Lifetime exposure days were grouped into tertiles onithe basis of the distribution among
all cancer cases combined and the highest tertile was divided af the'mgdian to create the following
categories for lifetime exposure days for all cancer types: Najgxposure; Lito < 20 days, 20 to < 56
days, 56 to < 116 days, and > 116 days. For the intensityssveighted lifetimie gxposure days analysis,
categories of exposure included no exposure, 1 to < §6.6, 86:6;t0%< 344.3, 344 310 < 739.2, and >
739.2 intensity-weighted days. Among the 41,969 gnile pesticide applicators ingliided in the analysis,
22,036 (52.5%) reported exposure to dicamba. @ftheé.72 melanoma cases included isi:the analysis, 40
reported exposure to dicamba. No evidence of a significant positivg association was reported for any
exposure level of lifetime days of dicamba use with the'tigiexposed sroup or the low exposed group
as the referent (0.72 < all RRs < 1.65; all 95% CIs encompagsed:the nulkyalue of 1.0; withn =6 - 18
cases per exposure category; all p-trendgi» 0.05). For intensitysweighted lifetime days of digamba
use, no evidence of a significant positivé assoeiation was reported for all exposure categories of
intensity-weighted lifetime exposure daysiwith thieno exposed group émd the low exposure group as
the referent (0.77 < all RRs < 1.80; all 95% €Is encompassed the null'alue of 1.0; withn=5- 18
cases per exposure category; all p-trends > 0.05).

The quality of the siudly was'raniled moderate based gii the study tizality criteria provided in the OPP
Framework. Theirinking was basgd on the general'sirengths of the ' AHS; including its prospective
design, ability to idenitify cancer cages through linkagg to cancer registries, and exposure assessment
approach which examineg sumulative lifetime exposurg.to dicamba. Limitations were noted including
the factthut thiesanthors didinet, comrectfor/adjust for multiple comparison/multiple testing and that we
wouldiexpect severalstatistically significantiresults to go away after such statistical adjustment.
Results from the everfngver use analysis weréngt teported. We also note that the number of exposed
cagey was very small whichiseverely réstricts the ability to interpret with confidence the observed
RRs a3 well as the ability to assess the'gxposure-response relationship.

¢ Ina follow-up study with longer follow-up time and additional cases, Lerro et al. (2020) investigated
the association'befween dicamba'exposureand several cancers including melanoma among the AHS
prospective cohorti The study population (n = 49,992) consisted of pesticide applicators living in
Towa and North Caroling.who wege enrolled in the AHS cohort and who reported information on
dicamba exposure at enrgliiment.and follow-up. Incident cancer cases were identified using lowa and
North Carolina state cancer pegistry files from enrollment (1993-1997) through December 2014 in
North Carolina and December 2015 in Iowa. International Classification of Diseases for Oncology
(ICD-0-2) codes were used to classify cancer sites. Dicamba exposure was assessed through the
enrollment questionnaire (1993 — 1997) and the first follow-up interview five years after enrollment
(1999 — 2005). Multiple imputation was used to estimate pesticide exposures at follow-up for
individuals who did not complete the interview (n = 20, 968, 37%). Poisson regression was used to
calculate relative risks and 95% confidence intervals for each category of intensity-weighted days of
dicamba use compared with no use, adjusting for age, race, sex, smoking, state, applicator type,
education, imazethapyr use (Spearmen p = 0.49), and family history of cancer. Cumulative intensity-
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weighted days were categorized as no exposure or quartiles of intensity-weighted days of exposure
among all incident cancer cases for sites with > 20 exposed (no use, 5.0 — 449.5 days, 449.6 — 1260.0
days, 1260.1 — 3,698 days, >3,689 days) or based on the median, as no, low or high exposure for
cancers and subtypes with 10-20 exposed cases (no use, 5.0 — 1,260.0 days, > 1,260.0 days). Among
the 49,922 applicators, 26,412 (52.9%) reported dicamba exposure and among the 364 cases of
melanoma, 197 reported dicamba exposure. No evidence of a significant positive association was
reported for any exposure category (0.94 < RR < 1.07; all 95% Cls encompassed the null value of
1.0; with n = 48 - 51 exposed cases per exposure category; p-trend = 0.91), with the no exposure
group as the referent, and no evidence of a significant exposure-respopge.frend.

The overall quality of the study was ranked moderate based on ¢ study quality criteria provided in
the OPP Framework. The general strengths of the publicationsinicluded the underlying prospective
design of the AHS, focus on U.S. agricultural populations, atid availabilitg:of a U.S. cancer regisiry to
comprehensively identify cancer cases. Authors perforgiedimultiple compagisons however did not
correct for multiple comparison. We would expect sexeral statistically significant results to go away
after such statistical adjustment. Results from thegver/never use analysis were ngtireported.

FEPA Conclusion

Overall, there is insufficient epidemiologicyl evidence at this time {o conclude'that there is a clear
associative or causal relationship between di¢atnba exposure and méldnoma. This determination was
based off of two available studies (Samanic et ali; 2006; Lerro et al., 202@) that investigated the
association between dicamba exposure and melanoms iithe AHS prospective cohort. Samanic et al.
(2006) reported no evidence of a significant positive associgtion based on lifetime days and intensity-
weighted lifetime days of digdinba exposure with tig.evidenceiofstatistically significant p-trends. The
study quality was rankegd moderate sind several strengths wege noted ineluding the prospective cohort
study design as part of the AHS, thegseertainment of ¢gfiger cases using gitablished cancer registries, and
the strengths of the"AHS exposure assesgment approach! The multiple comparisons performed without
statistical correction for multiple compirisons was considéred a limitation. Lerro et al. (2020) reported no
evidence of a.significant positiveiexposute between intensityiweighted lifetime days of dicamba and
melanoma among the AHS prospective coliortwith more cases and longer follow-up time than Samanic
et al. (2006). Lerro et ak {2020) alsoibenefited from the strengths of the AHS including the exposure and
outgbme agsessment, however ithe authiors performedimultiple comparisons without statistical correction
for muliiple ‘comparisons. This wés considered a limitation.

Pancreatic Cangep:

The association betwéendicamba and pancreatic cancer was evaluated in two AHS studies {Andreotti et
al., 2009; Lerro et al., 2020

e Andreotti et al. (2009) condiieted a case-control analysis of the AHS cohort to evaluate the
association between pesticides, including dicamba, and pancreatic cancer incidence. The study
population consisted of licensed private and commercial pesticide applicators and their spouses
enrolled in the AHS. Incident pancreatic cancer cases diagnosed from enrollment (1993-1997)
through 2004 were identified through state cancer registry files in Iowa and North Carolina.
Participants with any cancer reported at enrollment were excluded from the analysis. Pesticide
exposure {(ever/never) was assessed via a self-administered questionnaire completed at enrollment and
shortly thereafter. Unconditional logistic regression was used to calculate ORs and 95% Cls for the
association between ever/never exposure to dicamba among spouses and pesticide applicators,
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adjusting for age, smoking, diabetes, and applicator type. Further analyses stratified IWLD of
dicamba use among applicators (for spouses, only ever/never pesticide use was available), and two
categories (low- and high-use) were created based on median level among controls. ORs and 95% Cls
were reported for each category with the non-exposed group (never use) as the referent, adjusting for
diabetes, age, and smoking status (never, past, current). Among the study population (n = 82,596),
there were 93 incident pancreatic cancer cases (64 applicators, 29 spouses), and of those cases with
information on dicamba use, 23 reported ever exposure to dicamba and 57 reported no dicamba
exposure. Of the 82,503 pancreatic cancer-free controls, 25,000 reported ever exposure to dicamba
and 50,606 reported no dicamba exposure. No evidence of a positive agsociation was reported
between dicamba exposure and pancreatic cancer among pesticide gpplicators and spouses (OR =
0.90; 95% CI: 0.60, 1.60, with n = 23 exposed cases) based on ever/never use. For the cumulative
intensity-weighted days analysis, no evidence of a significant positive association was reported for
the association between dicamba and pancreatic cancer amdiig pesticidé applicators in either the low
or the high exposure group with the never exposure groujyias thié referent'and.there was no evidence
of an exposure-response trend (Low — OR = 1.40; 9594 C1:'0:80), 2.70, with = 16 exposed cases;
High — OR = 0.50; 95% CI: 0.20, 1.30, with n = 5 ¢xposed cases, p-trend = 0.32},

The overall quality of the study was ranked high based tin the studyquality criteria pravided in the
OPP Framework. The ranking was based on the general*streneths of the AHS, including ifs
prospective design, ability to identifyigancer cases through'liiskage to cahcer registries, and gxposure
assessment approach which examined ¢yinylative lifetime exposire to dicamba.

e In a separate study with longer follow-up timne, Lerinet al. (2020) investigated the association
between dicamba exposure and several cancets including pancreatic catigeis using data from the AHS
prospective cohort. Thestidy, population (n = 49,992) consisted of pesticide applicators living in
Towa and North Capglitia who wire enrolled in the AHS cohort anid who reported information on
dicamba exposugg gt enrollment anid follow-up. Incident cancer casesiwere identified using Iowa and
North Carolina’stateicancer registiy files from enrollipent (1993-1997) through December 2014 in
North Carolina and Degember 2015 i1 lowa. International Classification of Diseases for Oncology
(ICD-0-2).00des were used to. classify cancer sites. Dicamba exposure was assessed through the
enrollment questionmaire (1993 199%) atd the first followiup interview five years after enrollment
(1999°- 2005). Multiple imputdtion. was usedl foiestimate pesticide exposures at follow-up for
individuals who did noticomplete the interview (s 20,968, 37%). Poisson regression was used to
calculate relative risks and 98% confidence intervals for each category of intensity-weighted days of
dicamba uie compared with'ng iise, adjushing for age, race, sex, smoking, state, applicator type,
education;impzethapyr use (Spegrmen p =449y, and family history of cancer. The analysis for
pancreatic caneer,was also adjusted, for pack-years smoked (tertiles by smoking status) and BMIL.
Cumulative intensity-weighted days were categorized as no exposure or quartiles of intensity-
weighted days of expgsure among gll incident cancer cases for sites with > 20 exposed (no use, 5.0 —
449.5 days, 449.6 — 12600 days,i1260.1 — 3,698 days, >3,689 days) or based on the median, as no,
low or high exposure fori¢ancets'and subtypes with 10--20 exposed cases (no use, 5.0 — 1,260.0 days,
> 1,260.0 days). Among the 49,922 applicators, 26,412 (52.9%) reported dicamba exposure and
among the 163 cases of paricreatic cancer, 77 reported dicamba exposure. No evidence of a
significant positive association was reported for any exposure category of intensity-weighted days of
dicamba exposure and pancreatic cancer (0.88 <RR < 1.33; all 95% Cls encompassed the null value
of 1.0; withn = 16 — 25 exposed cases per exposure category; p-trend = 0.92), with the no exposure
group as the referent, and no evidence of a significant exposure-response trend.

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. The general strengths of the publication included the underlying prospective
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design of the AHS, focus on U.S. agricultural populations, and availability of a U.S. cancer registry to
comprehensively 1dentify cancer cases. Authors performed multiple comparisons however did not
correct for multiple comparison. We would expect several statistically significant results to go away
after such statistical adjustment. Results from the ever/never use analysis were not reported.

EPA4 Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationship between dicamba exposure and pancreatit cancer. Two studies
(Andreotti et al., 2009; Lerro et al., 2020) were identified that assessed:{lie asso¢iation between dicamba
exposure and pancreatic cancer among the AHS prospective cohortgndieotti et al. (2009) reported no
evidence of a positive association based on ever use and no evidepite of @ sinificant positive association
between dicamba intensity weighted lifetime days of use and paricreatic canges;, We not that both findings
were among a very small number of exposed cases which sevierely restricts the ability to interpret with
confidence the observed odds ratios. In a separate study,with longer follow-up titngif.erro et al. (2020)
reported no evidence of a significant positive association between intensity weighted jifetime days of
dicamba and pancreatic cancer. Both studies benefited froim the general strengths of the AHS including
the exposure assessment, and outcome ascertainment via stgte cancer régistries. Lerro was ranked
moderate quality and it was noted that multiple comparisons™were performied without correction;

Prostate Cancer

Nine studies (Alavanja et al., 2003; Samanic et'al,, 2000;:Band et al., 2014; Barry et al., 2011; Barry et
al., 2012; Koutros et al., 2011; Christensen et al., 2016; Kouttes et al., 2013 Lemo et al., 2020) examined
the relationship between digiiinba.exposure and prdstate cancer.

e Alavanja et al. {20§3},evaluated the potential associgiion between pesiicide exposure, including
dicamba and incident'pgéstate cancepiin a prospectivéigohort study. Fhe study population (n = 55,332)
included male pesticide applicatorsit the AHS living 1i:fowa and North Carolina. Incident prostate
cancer,gfises were 1dentified atistudy etrollment (1993-1997) through December 31, 1999, using
cangériregistry files it Jowa and North ‘Earoling, and vital siatus was ascertained using state death
reéords and the National Death Iiidex, Pesticidelexpiosur¢ivas assessed through self-administered
questionnaires, one completid at studyienrollment and'a second more detailed questionnaire
completed at home shortly afierwards."Among the 55,332 participants included in this analysis, 566
incident projtate cancer cases were reported,and213 of the cases reported dicamba exposure.
Unconditiongl Logistic regression was used {g'estimate ORs and 95% Cls for the association between
dicamba expoSurgiand incident prostate carier, adjusting for family history of prostate cancer and
age. No evidenceiof a significant ¢xposure-response relationship was reported for the association
between cumulative'exposure to dicamba and prostate cancer (data not reported). The results of the
analysis between ever/fiever usebf dicamba and prostate cancer were not reported. Potential effect
modification of a family listery of prostate cancer on the association between permethrin and prostate
cancer was assessed via logistic model with a cross product term (family history x pesticide
exposure) and found there was not a significant interaction between family history of prostate cancer
and exposure (interaction OR = 1.51, 95% CI: 0.95, 2.43; p-value > 0.05; with n = 163 exposed cases
with no family history of prostate cancer and n = 50 exposed cases with family history of prostate
cancer). No evidence of a significant positive association was reported for dicamba exposure and
incident prostate cancer among those with a family history of prostate cancer (OR = 1.35; 95% CI:
0.88, 2.08; with n = 50 exposed cases). And no evidence of a positive association was reported for
those without a family history of prostate cancer (OR = 0.95; 95% CI: 0.77, 1.17; with n = 163
exposed cases).
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The overall quality of the study was ranked high based on the study quality criteria provided in the
OPP Framework. The ranking was based on the general strengths of the AHS, including its
prospective design, ability to identify cancer cases through linkage to cancer registries, and exposure
assessment approach which examined cumulative lifetime exposure to dicamba. More detailed
reporting of the results for all pesticides assessed may have been helpful.

e Samanic et al. (2006) examined the association between dicamba exposure and several cancers,
including prostate cancer among pesticide applicators in the AHS prospective cohort. The study
population included male pesticide applicators living in Towa and Nogth @arolina who completed the
AHS enrollment questionnaires and had complete data on dicamba gind covarjates. Cases of incident
cancer (first primary cancer) diagnosed between enrollment (1993 = 1997) and December 31, 2002
were 1dentified via linkage to state cancer registries. Those who repotted cancer at the time of
enrollment (n = 1,075) or were missing information about dicginba (n = §,362); or missing
information about covariates (n = 6,608) were excluded:from the analysisiitemales were excluded
from the analysis because there were only four cancet ¢ases among female pattigipants. Pesticide
exposure was assessed using responses about pesticide exposure captured on theé étirollment
questionnaires. Poisson regression was used tosstitngte individual RRs and 95% Clyifor the
association between dicamba exposure and several cangers, adjustipig for age, educatian istate of
residence, smoking (pack years), family history of cancet; and total lifetime days of pesticide
application. Lifetime exposure days were grouped into tertilesioh the basis of the distribution gmong
all cancer cases combined and the highesiitertile was divided at thie median to create the following
categories for lifetime exposure days for'gllicancer types: No exposiire, 1 to <20 days, 20 to <56
days, 56 to < 116 days, and > 116 days. For;the mfensity-weighted hifetime exposure days analysis,
categories of exposure included no exposure;] to <866, 86.6 to < 344.3:344.3 to < 739.2, and >
739.2 intensity-weighted.days. Among the 41,969 malé'pegticide applicators inéluded in the analysis,
22,036 (52.5%) repogted exposine to dicamba. Gf the 694 'progiiie cancer cgses included in the
analysis, 351 reported exposure todicamba. No evidence of a significant;positive association was
reported for lifetime days of exposure at all exposurg evels with the ngexposed group and the low
exposure group as the'teferent (0.94 « all RRs < 1.103 a1l 95% CIs éficompassed the null value of 1.0;
with n = 67 - 106 exposed ¢ases perexposure category;all p-trends > 0.05). Similarly, no evidence of
a significant posiftive association wis reported for all exposure categories of intensity-weighted
lifefinie exposureidaysavith either the no'exposed group and the low exposure group as the referent
(095 < all RRs < 1.1%;all:95% Cls éncompasséd théiull value of 1.0; withn = 59 — 115 exposed
cases per exposure categorysiall p-trends. > 0.05).

The qualityofithe study was ragked moderate based on the study quality criteria provided in the OPP
Framework. "figiranking was based on the general strengths of the AHS, including its prospective
design, ability teidentify cancer ¢ases through linkage to cancer registries, and exposure assessment
approach which examined cumulative lifetime exposure to dicamba. Limitations were noted including
the fact that the authors did not cggrect for multiple comparison/multiple testing and that we would
expect several statistically signiticant results to go away after such statistical adjustment. Results
from the ever/never use analysis were not reported.

e Barry et al. (2011) and Barry et al. (2012) investigated the association between pesticide exposures
including dicamba and prostate cancer, and genetic variation among Base Excision Repair (BER) and
the nucleotide excision repair (NER) pathway genes using a nested case-control study within the
AHS. The study population included white male pesticide applicators, living in Iowa or North
Carolina, who were diagnosed with prostate cancer between enrollment (1993 — 1997) and
2004. Cases were ascertained through state cancer registries. Controls included white male
applicators with no previous cancer history (except non-melanoma skin cancer), who were frequency-
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matched to cases (2:1) by birth date (x1 year). Pesticide exposure, including dicamba, was assessed
through two self-administered questionnaires at study enrollment and shortly thereafter (1993 - 1997),
and exposure was classified into intensity-weighted lifetime days of use and categorized into non-
exposed, low, and high exposure groups. Unconditional logistic regression was used to investigate the
association between dicamba and prostate cancer risk, adjusting for state and age and estimated
associations between BER gene variant alleles and prostate cancer. We only report on findings
between dicamba exposure and risk of prostate cancer here as that is the main focus of this document.
Among the total cases (n = 776) and controls (n = 1,444), 348 cases and 723 controls reported
dicamba exposure and 324 cases and 573 controls reported no dicambaigxposure, respectively. No
evidence of a positive association was reported between dicamba exposireiand prostate cancer among
white male pesticide applicators in either the low or high exposut ¢ategories, with the non-exposed
group as the referent (Low — OR = 0.81; 95% CI: 0.63, 1.04; with 1= 172 exposed cases and n = 362
exposed controls; High —~ OR = 0.82; 95% CI: 0.64, 1.06; within = 176:¢sses and n = 361 controls; p-
trend = 0.69).

The overall quality of the study was ranked high based on the study quality critetigprovided in the
OPP Framework. The ranking was based on theé“gérieral strengths of the AHS, including its
prospective design, ability to identify cancer cases through linkageto cancer registries; gnd exposure
assessment approach which examined cumulative lifetitme gxposuye f¢.dicamba.

e Koutros et al. (2011) evaluated the assogiation between specifieipesticides including dicamba and
prostate cancer among male licensed pesticide applicators in a nestedicase-control analysis within the
AHS prospective cohort. The study populatipn{n=2,500) included niale pesticide applicators living
in lowa and North Carolina, enrolled in the AHS prospective cohort. Incident cases were determined
beginning at study enrgltent (1993-1997) thraugh 2004 using cancer regisiry files from lowa and
North Carolina, andgvital statis was confirmed throughifite state death registries and the National
Death Index. At follaw-up, mettiwire also asked taisubmit a DNA siiplé from buccal cells. Controls
(n = 1,444) includedipesticide applicators (males only) who had not been previously diagnosed with
prostate cancer, were 116t deceased af the time of follow-up, and had provided a DNA sample of
buccal cells.:The controlswere frequency-matched to theicases (2:1) via birthdate (+/- 1 year).
Expogtire'was assessed usingidite from o self-administered'questionnaires completed at enrollment
to determine dicattiby usage, and to. furtherclassify dicambd usage by lifetime exposure days.
Lifetime exposure days were categorized as non“exposed, low, or high exposure, based on the median
cut-poitit determined frorh the distribution of lifetime exposure days of both the controls and
cases. Unepnditional logistie regression"wagused to caleulate ORs and 95% Cls for the association
between digafba exposures ang prostate canger, adjusted for state, age, and family history of prostate
cancer. Amotigithe 776 cases andg 1,444 coptrols, 352 cases and 375 controls reported dicamba
exposure. No evidence of a positiye association was reported between dicamba exposure and prostate
cancer in either the'low or high exposure categories (Low - OR = 0.78; 95% CI: 0.61, 1.00; withn =
171 exposed cases andiyiis 368 exposed controls; High - OR = 0.82; 95% CI: 0.63, 1.05; withn = 181
exposed cases and n = 36{liexposed controls; p-trend = 0.318).

The overall quality of the study was ranked high based on the study quality criteria provided in the
OPP Framework. The ranking was based on the general strengths of the AHS, including its
prospective design, ability to identify cancer cases through linkage to cancer registries, and exposure
assessment approach which examined cumulative lifetime exposure to dicamba.
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¢ Koutros et al. (2013) investigated the potential association between specific pesticides including
dicamba, and prostate cancer adding cases through 2007.%° The study population (n = 54,412)
included male pesticide applicators participating in the AHS. Pesticide exposure was assessed by
information obtained via self-administered questionnaires, and this information was used to calculate
lifetime pesticide usage for 50 pesticides. Exposure values were modified by an intensity factor to
account for the variation in pesticide application practices to produce;iin gstimate of intensity-
weighted lifetime days of exposure metric. Incident prostate cances ¢ases wére identified through
cancer registry files in Towa and North Carolina, and cases diagiipsedibetween study enrollment
(1993-1997) until December 31, 2007 were included in this ghalysisi ngident cancer cases were then
subdivided into prostate cancer or aggressive prostate cancerbised on the Gleason score tumor
ranking scale provided by a medical pathologist.*”* Amung thetotal study: pagticipants (n = 54,412),
838 cases and 25,516 non-cases reported dicamba gxposure. A'Poisson regressigh was used to
calculate RRs, adjusting for state, age, race, and fimily history of prostate cancér; simoking, fruit
servings, and leisure-time physical activity in the Wigiter. Four quartiles were constriéted for prostate
cancer and aggressive prostate cancer based on expostre {n = 208 41212 cases per quartilé:for prostate
cancer and n = 99 - 380 cases per quartile for aggressive prostate gaticer), and RRs were ‘reportest for
each quartile. No evidence of a signifigant positive association swis observed for dicamba exposure
and prostate cancer or aggressive prostae ¢ancer for any of théigxposure categories (0.82 € RRs <
1.04; all CIs encompassed the null value'af1.08), and there was 1o ¢vidence of a linear (monotonic)
trend across categories for total prostate canger antdiageressive prostate bancer (p-trends > 0.05). In
the analysis that considered cumulative lifetiizie days ofidicamba exposurgiand prostate cancer by
family history of prostateieancer, no evidence of a signifigant:positive assogiation was reported for
any exposure categoty for'either:cumulative lifetime day or'iniénsity-weighted lifetime days of
exposure (0.88 <RRs < 1.20; all (/Is encompasseditheinull value'af 1:00); and there was no evidence
of a linear (motiototig)itrend acrossiategories for tofal prostate canegrand aggressive prostate cancer
(p-trends > 0.05) and 16 evidence 6fan interaction (p-interaction = 0.22).

The overall quality of the study was rankedimoderate baseéd on the study quality criteria provided in
the 3PP Framework! The rankitig was basedion the general strengths of the AHS, including its
progpective design, ability to identify tancer cases‘throuigh linkage to cancer registries, and exposure
asseSsment approach which examinedigumulative lifetime exposure to dicamba. Study limitations
includedimissing the Gleason seipre among the cases in North Carolina (~30% of the cases) which
could haveied to underestimatipniof severity of prostate cancer, the Gleason scores used in the study
were not staridardized by the cenfralized pathologic review, and the potential for exposure
misclassification:

e In a separate study, Chifistensen ¢tial. (2016) evaluated the potential association between pesticide
exposures, including dicatiba; and prostate cancer and modifications of risk by single-nucleotide
polymorphisms on sex hormones using a nested case-control study within the AHS prospective
cohort. The study population included white male pesticide applicators living in Iowa or North
Carolina. Cases included white male AHS study participants who were cancer-free at enrollment, had
physician-diagnosed prostate cancer between enrollment (1993 — 1997) and 2004, and provided a
buccal cell sample later used for DNA testing. Cases were ascertained through state cancer registries.

36 Koutros et al. (2013) is a follow-up to the following study: Alavanja, M. C., Samanic, C., Dosemeci, M., Lubin, I., Tarone, R.,
Lynch, C. F., Knott, C., Thomas, K., Hoppin, I.A., Barker, J., Sandler, D.P., Blair, A., & Coble, J. (2003). Use of agricultural
pesticides and prostate cancer risk in the Agricultural Health Study cohort. American journal of epidemiology, 157(9), 800-814.
37 Johnson CH, ed. SEER Program Coding and Staging Manual 2004, Revision 1. Bethesda, MD: National Cancer Institute, 2004.
(NIH publication no. 04-5581).

38 Aggravated prostate cancer included cases with tumor(s) defined as one of the following: distant stage or poorly differentiated
(Gleason score 7-10), deadly prostate cancer, or Gleason> 7.
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Controls included white male applicators and were frequency-matched to the cases (2:1) by birth date
(=1 year). Pesticide exposure was assessed through two self-administered questionnaires at study
enrollment and shortly thereafter, and exposure was classified via intensity-weighted lifetime
exposure days and categorized into non-exposed, low, and high exposure groups using the median as
the cut point. Unconditional logistic regression was used to investigate the association between
dicamba and prostate cancer, adjusting for state, age, and race. Among the total cases (n = 776) and
controls (n = 1,444), 171 cases and 368 controls reported low dicamba exposure, 181 cases and 360
controls reported high dicamba exposure, and 324 cases and 573 controls respectively, reported no
dicamba exposure. No evidence of a positive association was reported between dicamba exposure and
prostate cancer among white male pesticide applicators in either thedow 6r'high exposure categories,
with the non-exposed group as the referent (Low — OR = 0.78; 95% CI: 0.61,1.00, withn = 171
exposed cases; High — OR = 0.82; 95% CI: 0.63, 1.05, with .= 18T exposed cases; p-trend = 0.318).

The overall quality of the study was ranked high based gn the study quality ¢riteria provided in the
OPP Framework. The ranking was based on the genegal strengths of the AHS, iicluding its
prospective design, ability to identify cancer casegithrough linkage to cancer regisiries, and exposure
assessment approach which examined cumulati¥élifelime exposure to dicamba.

e Lerro et al. (2020) imvestigated the association between dicamba gxposyre and several cangeis
including prostate cancer using data fsgm the AHS prospective cohort that included additiofial cases
and longer follow-up time than Samanie ¢tial, (2006). The study papulation (n = 49,992) consisted of
pesticide applicators living in Towa and North Garolina who were'enifolled in the AHS cohort and
who reported information on dicamba exposuréat ehrollment and folloss-up. Incident cancer cases
were identified using Towa and North Carolittg staté’cancer registry files from enrollment (1993-1997)
through December 2014:di:North Carolina and Pecember 2015 in Towa. International Classification
of Diseases for Ongglogy (1€13:0-2) codes were Uised toiclassify eancer sites. Dicamba exposure was
assessed throughihe enrollmentt guestionnaire (1993 1997) and'the figst'follow-up interview five
years after enrollment {1999 — 2045} Multiple imputation was used fg‘estimate pesticide exposures at
follow-up for individuals who did gt complete the interview (n = 20,968, 37%). Poisson regression
was used to.calculate relativiérisks ard 95% confidenceiintervals for each category of intensity-
weighted'days of dicamba usé domipared With no use, adjugting for age, race, sex, smoking, state,
applicator type, edtication, imazethiapyr useéi{Spiarmen p +0.49), and family history of cancer.
Cunidlative intensity-weighted days were categorized as no exposure or quartiles of exposure among
all ingident cancer cases for sites withiz20 exposed (110 use, 5.0 — 449.5 days, 449.6 — 1260.0 days,
1260.1%:3:698 days, >3,68%days) or basedion the median, as no, low or high exposure for cancers
and subtypesiwith 1020 exposedicases (nouse. 5.0 — 1,260.0 days, > 1,260.0 days). Among the
49,922 applicaigrs, 26,412 (52.9%6) reported dicamba exposure and among the 2,694 cases of prostate
cancer, 1,360 reported dicamba exposure. No evidence of a significant positive association was
reported for prostate cancer for any exposure category of cumulative intensity-weighted days of use
(1.00 < RR < 1.07; alli@5% CIs esigompassed the null value of 1.0; with n = 372 — 406 exposed cases
per category, p-trend > (i)5). For aggressive prostate cancer, no evidence of a significant positive
association was reported for gy exposure category of cumulative intensity-weighted days of use
(0.95 <all RR < 1.11; all 95% CIs encompassed the null value of 1.0; with n= 212 — 241 exposed
cases per category, p-trend > 0.05).

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. The general strengths of the publication included the underlying prospective
design of AHS, focus on U.S. agricultural populations, and availability of a U.S. registry to
comprehensively identify cancer cases. Lerro et al. (2020) indirectly assessed dicamba exposure
based on the AHS survey instrument. Limitations were noted including the fact that the authors did
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not correct for/adjust for multiple comparison/multiple testing and that we would expect several
statistically significant results to go away after such statistical adjustment. Results from the
ever/never use analysis were not reported.

¢ Band et al. (2011) evaluated the potential association between pesticide exposure including dicamba,
and prostate cancer among male pesticide applicators in a population-based case-control study in
British Columbia, Canada. The study population included a subset of male cancer patients who
previously enrolled in a case-control study. All participants were ascertained via the British Columbia
Cancer Registry and all diagnoses were histologically confirmed. Prosiate.cancer cases were
diagnosed between 1983 and 1985. Controls included men who wete diagnosed with cancers other
than prostate, lung or unknown primary site from 1983 through 199%0:and were age-matched to the
cases. Exposure was assessed using self-reported questionnafes providad at study enrollment that
were completed at home and returned within 6-weeks and a Job Exposupe Matrix was used to
estimate lifetime cumulative exposure level by aggregatitigiexpasure overiallijobs. Next-of-kin served
as proxy respondents for deceased subjects (18.4% oficases atid. 17.2% of contrgls). Conditional
logistic regression was used to calculated ORs and 95% Cls for the association bgtiveen dicamba and
prostate cancer, adjusting for smoking years, aléohol ¢onsumption, pipe years, education level, and
proxy respondent. Among the 1,153 cases and 3,999 coutrols eligible for this analysisii§4.cases and
23 controls reported exposure to dicamba. No evidence of i significant positive associatiofiwas
reported between dicamba and prostate cancer (OR = 2.02:%95% €1: 0.98;.4.15; with n = 14 exposed
cases) based on ever/never use. In an expésure-response analysisiwhere low and high categories of
lifetime exposure were created by dividing fhe:exposed controls tgitwo equal halves, evidence of a
moderately strong positive association was reported between dicamba exposure and prostate cancer in
the high exposure category among a very small number of cases (OR = 2.70; 95% CL: 1.01, 7.20; with
1= 8 exposed cases) with the no exposure as the referent and no evidence of a significant positive
association was reported for the low exposure category (data not reported)

The overall quality 6f the study was imoderate basedign the study quality criteria provided in the OPP
Framework. Study strehigths included the case-controlistudy design, ascertainment of cases and
controls from cancer registries, histological confirmationiof diagnoses, and thoughtful selection of
potentialicontouriders and covatigtesiUseiof cancer patientiin both case and control groups may
haye decreased differential recall bias but miay have increased risk of selection bias. Additional
limitations included the patential for pecall-bias due o imaccurate recall by proxy respondents (18.4%
of the gises, 17.2% of théi¢otitrols). Weinote also, the number of dicamba-exposed prostate cancer
cases in the high exposure category (n ='8) was very small which severely restricts the ability to
interpret withigonfidence the obiserved ORS g5 well as the ability to assess the exposure-response
relationship.

FEPA Conclusion

Overall, there 1s insufficient epidémivlogical evidence at this time to conclude that there is a clear
associative or causal relationshipibetween dicamba exposure and prostate cancer. Nine publications
(Alavanja et al., 2003; Band et'al., 2011; Barry et al., 2011; Barry et al., 2012; Koutros et al., 2011;
Christensen et al., 2016; Koutros et al., 2013; Samanic et al., 2006; Lerro et al., 2020) examined the
relationship between dicamba exposure and prostate cancer. Eight of the nine publications (Alavanja et
al., 2003; Barry et al,, 2011; Barry et al., 2012; Koutros et al., 2011; Christensen et al., 2016; Koutros et
al., 2013; Samanic et al., 2006; Lerro et al., 2020) examined this association among the AHS prospective
cohort population and all eight reported no evidence of a significant positive association between dicamba
exposure and prostate cancer. The study quality for the AHS studies was either high or moderate and all
benefited from the general strengths of the AHS including the prospective study design (three were
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nested-case control), and linkage to cancer registries to ascertain cases. Study limitations were noted,
namely potential for exposure misclassification and missing data among cases (~30% of the cases) and
multiple comparisons without adjustment for multiple comparisons. The ninth publication, Band et al.
(2011), evaluated the association between dicamba and prostate cancer in a population-based case-control
study among farm workers in British Columbia, Canada. Evidence of a moderately strong positive
association was reported in the high exposure category of the exposure-response analysis among a very
small number of cases (n = 8). The study was moderate quality and limitations included selection bias,
recall bias due to proxy respondents inaccurate recall of exposure. We note also, the number of dicamba-
exposed prostate cancer cases in the high exposure category (1 = 8) was very:small.

Cancer of the Small Intestine

One publication (Lerro et al., 2020) examined the association between dicaimba and cancer of the small
intestine.

Lerro et al. (2020) investigated the association betwegii dicamba exposure and severil ancers including
cancer of the small intestine using data from the AHS praspective cohort. The study population (n =
49,992) consisted of pesticide applicators living in Iowa #id North Carilina who were entollied in the
AHS cohort and who reported information on dicamba exposiire at enrolltnent and follow-upi Higident
cancer cases were identified using Iowa and North Carolina state dafieer registry files from enrollient
(1993-1997) through December 2014 in Nogthi:Carolina and Deceraibér 2015 in Towa. International
Classification of Diseases for Oncology (ICI:0-24:codes were used to £lassify cancer sites. Dicamba
exposure was assessed through the enrollment guéstioninaire (1993 — 1997 §and the first follow-up
interview five years after enrollment (1999 — 2005). Multiple imputation wés tised to estimate pesticide
exposures at follow-up for individuals who did not gomplete theiinterview (n': 204968, 37%). Poisson
regression was used to cal¢ulati relative risks and 95% confidence iitervals for gach category of
intensity-weighted days of dicamba iise compared withing tise, adjusting for.age, race, sex, smoking,
state, applicator type, éducation, imazethapyr use (Speatinen p = 0.49), and family history of cancer.
Cumulative intensity-weighted days wepe.categorized as fp exposure oriquartiles of intensity-weighted
days of exposure among all ingident canger cases for sites with > 20 exposed (no use, 5.0 - 449.5 days,
449.6 — 1260.0 days, 1260.1 — 3.698 days, »3.089 days) or baged.on the median, as no, low or high
exposure for cancers‘and gubtypes with 10-20i¢xposed cases (116 use, 5.0 — 1,260.0 days, > 1,260.0 days).
Amonig the 49,922 applicaiors; 26,4121{52.9%) repotted didimba exposure and among the 43 cases of
stomachicanger, 23 reported’digaimba expgsire. No eviderice of a significant positive association was
reported foriamy exposure categary€0.71 <RRig 1.17; all 95% CIs encompassed the null value of 1.0;
with n = 5 — Bigxposed cases per exposure categomyip-trend = 0.72), with the no exposure group as the
referent, and no ‘évidence of a significant exposure-response trend.

The overall quality ofthieistudy was ranked moderate based on the study quality criteria provided in the
OPP Framework. The genigral strengthisiof the publication included the underlying prospective design of
the AHS, focus on U.S. agricultural.populations, and availability of a U.S. cancer registry to
comprehensively identify cancer gases. Authors performed multiple comparisons however did not correct
for multiple comparison. We would expect several statistically significant results to go away after such
statistical adjustment. Results from the ever/never use analysis were not reported.

EPA4 Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a causal or
clear associative relationship between dicamba exposure and cancer of the small intestine. One study
(Lerro et al., 2020) examined the association between dicamba exposure and reported no evidence of a
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significant positive association between dicamba intensity weighted lifetime days of dicamba use and
cancer of the small intestine among farmers in the AHS prospective cohort in Iowa and North Carolina.
The study was moderate quality and while the study had several strengths including the prospective study
design, use of cancer registries to ascertain cases, and a validated questionnaire to assess pesticide
exposure, several limitations were noted. In particular, over 40 different cancer analyses were performed
and no adjustments for multiple comparisons were made. HED would expict several of the statistically
significant results would no longer remain significant after appropriatesadjustments that would account
for the multiple comparisons performed. Additionally, we noted seyeral ¢oncerns with respect to
confounder adjustments that suggest there may be issues with sample size aind/or the statistical
model/statistical analysis that may affect the reliability of the analysis.

Soft Tissue Sarcoma

Two publications (Paliwa et al., 2006; Palrwa et al., 201't) ¢xamined the association between dicamba and
soft tissue sarcoma {STS).

e [Pahwa et al. (2006) mvestigated the poteitial association betwien dicamba and STS amongimen e E Commented [JE14}: double check these results are not mixed }

living in Canada using data from the population-based case-controlistudy Cross-Canada Study of L th PAHWA etal 2011
Pesticides and Health Study (CCSPH). The stisdyipopulation includéedimales > 19 years old who lived
in one of six Canadian provinces and completed a'postal questionnaire; [Jeceased participants were
excluded from this analysis. Cases of STS inclided those ddult males diagngsedibetween September
1991 to December 1994 a1d were ascertained vig provineialicancer registriesior hospital
ascertainment (Quebec only)“Cuses were validated by 4 pathologistiwho reviewed pathology slides.
Controls were rdndomly selectedimgles from eitherhiealth insuranceé tecords, telephone directories
(Ontario) or voters lists {British Columbia), who resided in the same Canadian provinces as cases, and
were matched to cases via dge (+ 2 years). A postal quegtionnaire was mailed to cases and controls to
assess pésticideiexposure, and follow-np.telephone intervigwsregarding detailed pesticide use were
congdiseted for edch wighject who reportedmore:than 10 hoigrg'per year of pesticide use. The resporse
rates for cases and conirols was 67.1% and 48:0% tespegtively.” Exposure to dicamba included
pesticides with dicambaigs the main active ingredientand mixtures of herbicides including dicamba
as onéof multiple active ingredients. Conditional logistic regression was used to calculate ORs and
95% Cls*forithe association between dicambiand dicamba containing mixtures and STS, adjusting
for age and province of residenes; Among thetotal STS cases (n = 357), 40 reported exposure to any
dicamba contaiiitg herbicide, angd 131 of the 1,506 controls reported exposure to any dicamba
containing herbicide;:No evidence 6f a significant positive association was reported for any dicamba
exposure (including mitures)™ and STS (OR = 1.30; 95% CI: 0.87, 1.92; with n = 40 exposed cases
and n = 131 exposed controls). An'additional analysis that was limited to farm workers/dwellers only,
reported no evidence of a pasitive association between exposure to dicamba-containing herbicides
and STS (OR = 0.99; 95% (iI: 0.58, 1.67 with n =23 exposed cases, n = 97 exposed controls).

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. Study strengths included the study design, age matching the cases to the
controls, case ascertainment, and exposure assessment. Potential recall bias was considered a

3 McDuffie, H. H., Pahwa, P., Robson, D., Dosman, J. A., Fincham, S., Spinelli, J. J., & McLaughlin, J. R. (2005). Insect
repellents, phenoxyherbicide exposure, and non-Hodgkin's lymphoma. T Occup Environ Med, 47(8), 806-816.
doi:10.1097/01 jom.0000167260.80687.78

4 For any dicamba exposure, authors included exposures to dicamba as the sole active ingredient and to products that were
mixtures that contained active ingredients in addition to dicamba such as: dicamba and glyphosate; and dicamba, 2,4-D, and
mecoprop.
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limitation, as the cases living with the outcome may have remembered certain past exposures more
accurately than the controls. Another limitation of the study was the response rate to the mailed
questionnaires. Only 67.1% of the contacted cases and 48% of the contacted controls responded to the
questionnaire and were included in the analysis. There may have been differences between those who
responded and those who did not respond.

e In an additional analysis using the same study population as Pahwa et a1¢2006), Pahwa et al. (2011)
investigated the potential association between dicamba®' exposure and STS athong men in the
CCSPH, while taking into account the effects of medical histogyionithie potential assoctation.
Conditional logistic regression was used to calculate ORs ang 95% CIs for the association between
individual pesticide exposures including dicamba and S8 adjusted for ageiand province of residence
and also relevant medical history variables* including familszhistery of caniéeti, Among the total STS
cases (n = 357) and population controls (n = 1,506 40 (11.2%) cases and 132%87%) controls
reported exposure to dicamba or dicamba contagtinigimixtures and 15 (4.2%) casesiand 50 (3.3%)
controls reported exposure to pesticide products contgining dicamiba as the sole active ingredient. No
evidence of a significant positive association was reportedibetween dicamba exposure 45 thain active
ingredient and STS among men (OR = 1.31; 95% CIL: 0.6 F 2 82::with ri= 15 exposed caseg), julien
further adjusted for medical history vatjables. Similarly, whenall dicamba exposures (dicamba as
sole active ingredient and dicamba containifiz, mixtures of herbieides) were considered, no evidence
of a significant positive association was réporied between exposure tg'dicamba and mixtures with
dicamba and other active ingredients combitted and 3TS among men (DR = 1.26; 95% CI: 0.84, 1.90;
with n = 40 exposed cases).

The overall quality i the study was ranked modeétateibased on'tlie study quiality criteria provided in
the OPP Framework, Study stremvgths included the study design, age matching the cases to the
controls, case ascertaitmient, and exposure assessment; Potential recall bias was considered a
limitation, as the cases living with the outcome may have remembered certain past exposures more
accurately than the controlsi Anotlier limitation of the study was the response rate to the mailed
quegtioinaires. Ouly 67.1% ofithe contacted eases and 48%%40f the contacted controls responded to the
gitestionnaire and wete micluded i the analysisi Fheremiy have been differences between those who
responided and those who did.not respoid.

EPA4 Conclusion

Overall, there is insuffi¢ient epidemiofogical evidence at this time to conclude that there is a causal or
clear associative relationship between dicamba exposure and STS. This determination is based on two
publications (Palwa et al.,:2006; Pahwa et al., 2011) that investigated the potential association between
exposure to dicamba and dicaniba:¢ontaining herbicide mixtures and soft tissue sarcoma (STS), in case-
control analysis of participants @fithe Cross-Canada Study of Pesticides and Health Study while
considering exposure to DEET(Pahwa et al., 2006) and medical and familial history of cancer (Pahwa et
al., 2011) and reported no evidence of a significant positive association between dicamba exposure and
STS based on ever exposure. Both studies were ranked moderate quality based on the study quality
criteria provided in the OPP Framework. Study strengths included the study design, age matching the
cases to the controls, case ascertainment, and exposure assessment. Potential recall bias was considered a

41 Tn Pahwa et al. (2011), “dicamba as a major chemical class” includes products that contain dicamba as the sole active
ingredient such as Banvel and Target, and mixtures of dicamba with other active ingredients such as dicamba and glyphosate
(Rustler) and dicamba, 2,4-D, and mecoprop (Dynel DS, Killex).

42 Medical history variables included: mononucleosis, whooping cough, history of measles, rheumatoid arthritis, and a positive
family history of cancer in a first-degree relative.
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limitation, as the cases living with the outcome may have remembered certain past exposures more
accurately than the controls. Another limitation of the study was the response rate to the mailed
questionnaires. Only 67.1% of the contacted cases and 48% of the contacted controls responded to the
questionnaire and were included in the analysis. There may have been differences between those who
responded and those who did not respond.

Stomach Cancer

Two publications (Lee et al., 2004; Lerro et al., 2020) examined the assogiation between dicamba and
stomach cancer.

¢ Lee etal. (2004) investigated the association between farmige and agriciltural pesticide use,
including dicamba, and stomach and esophageal cancers iy the:Nebraska Health Study 11, a case-
control study of adults in eastern Nebraska. The studypopulation:included white residents of eastern
Nebraska, >21 years old. Cases of incident stomach gnd esophageal adenocarciigma were identified
using the Nebraska Cancer Registry (1988 — 1998} and discharge and pathology te¢brds from 14
participating hospitals Nebraska. Controls for the curpent study were randomly seleéied:from the
control group of a previous study covering the same basg populatiogiinvestigating
Iymphohematopoietic cancers (<65 years — random digit dialing, #65ears — Medicare files; for
deceased cases — Nebraska mortality régords) and were frequency matched by age, gender, and vital
status to the combined distribution of the zlinma, stomach, and'ggéphagus cancer cases.
Demographic, medical and family history;oecupational, and, pesticide exposure information (for
those who lived or worked on farm) was collectéd viatelephone interviéw conducted during 1992~
1994. Pesticide exposure information was limited to"tige prior to 1985, the fime period of the previous
study. Interviews werggotidugted for 170 stoniagh cancegigusies, 137 esophiggeal cancer cases and 502
controls, however piost mteérviews were conducted vigproxy (76%;.0f esophiageal adenocarcinoma
cases, 80% of statnach cancer cases; 61% of contralsywho were primatily spouses or other primary
relatives. Unconditionallogistic regression was usedito calculate ORs'and 95% CIs for farming
activity and for individualipesticideiuse, adjusted for age and gender, with the non-farmers as a
reference:gronp, Among the 170 stomach cancer cases agid 502 controls included in the final analysis,
4 stomach'caneer cases and 35 controls reported dicambaigxposure. No evidence of a positive
assbeiation was reported for dicamba ever tise giidhstomagh cancer among farmers in Nebraska,
among a very small muber, of cases (OR = 0.30;95% €'1: 0.10, 1.00; with n = 4 exposed cases).

The qualityiof the study was tiked low quality.based on the study quality criteria provided in the
OPP framewpik. The study had several important limitations related to its design, exposure
assessment approach, statistical apalysis, and ability to control for confounding. With regard to study
design, Lee et al/{2005) used a cagercontrol approach and may have introduced selection bias when
recruiting their controligroup. Differences between the results for the self-reporting respondents and
the proxy respondents Hisstrate thie possible problem, as the control groups for each of these
respondents were constructed differently and each could be biased in a different way. In the analysis,
the reference group for the siatistical tests was non-farmers, even though the pesticide use questions
were not asked of non-farrhers. As a result, the results for pesticides are confounded with farmer
versus non-farmers and control groups with different proportions of farmers will result in different
statistical results. The use of respondent-reported dicamba use to ascertain exposure introduced
further uncertainty because it is not possible to attribute the increased odds of glioma to dicamba
exposure alone. In particular, the self-reporting and proxy respondents have different levels of
knowledge about pesticide use and possibly different motives for responding. Moreover, self-reported
exposure assessment is likely to be subject to differential misclassification because study participants
may incorrectly recall previous pesticide usage. In addition to these limitations, findings on dicamba
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are based on only 4 exposed cases which severely restricts the ability to interpret with confidence the
observed odds ratios as well as the ability to assess the exposure-response relationship.

e Lerro et al. (2020) investigated the association between dicamba exposure and several cancers
including stomach cancer using data from the AHS prospective cohort. The study population (n =
49,992) consisted of pesticide applicators living in Iowa and North Carolina who were enrolled in the
AHS cohort and who reported information on dicamba exposure at enrollment and follow-up.
Incident cancer cases were 1dentified using Iowa and North Carolina state cancer registry files from
enrollment (1993-1997) through December 2014 in North Carolina agg Pecember 2015 in lowa.
International Classification of Diseases for Oncology (ICD-0-2) codes weré'used to classify cancer
sites. Dicamba exposure was assessed through the enrollment quigstiennaire (1993 — 1997) and the
first follow-up interview five years after enrollment (1999 — 2005). Multiple imputation was used to
estimate pesticide exposures at follow-up for individuals whe did not camiplete the interview (n = 20,
968, 37%). Poisson regression was used to calculate relgtive risks and 95% gonfidence intervals for
each category of intensity-weighted days of dicamba use compared with no usg;;adjusting for age,
race, sex, smoking, state, applicator type, educatigh; imazethapyr use (Spearmeni p == 0.49), and
family history of cancer. The analysis for stoméchitasicer was also adjusted for alcelissl consumption
and BMI. Cumulative intensity-weighted days were catggorized asino exposure or quastiles of
intensity-weighted days of exposure among all incident eanger casgs for sites with > 20 exposedi(no
use, 5.0 — 449.5 days, 449.6 — 1260.0:days, 1260.1 — 3,698"days; 3,689 days) or based on'the
median, as no, low or high exposure fot gimeers and subtypes with, 10-20 exposed cases (116 use, 5.0
—1,260.0 days, > 1,260.0 days). Among the 49,922 applicators, 26,412 (52.9%) reported dicamba
exposure and among the 107 cases of stoniach'cinger, 47 reported dicamba exposure. No evidence of
a positive association was reported for any exposure ¢ategory (0.56 <RR % 0.95; all 95% CIs
encompassed the null value of 1.0; with n = 8415 exposedivases per exposuigicategory; p-trend =
0.45), with the no expostre graup as the referent:and ngevidenite of a significant exposure-response
trend.

The overall quality of the study was ranked moderate based on the study quality criteria provided in
the OPP Framework. The'general sireneths of the publicgtion included the underlying prospective
designiofithe AlSfocus on'tl Sy aericulimal populations, dsid availability of a U.S. cancer regisiry to
copprehensively Tdentify cancer cases. Authors performed multiple comparisons however did not
gotreet for multiple comparison. Wie would expectiseveral statistically significant results to go away
after'such statistical adjustmient. Resulig from the ever/never use analysis were not reported.

EPA4 Conclusion

Overall, there is no epilemiological évidence at this time to conclude that there is a causal or clear
associative relationship befiveen dicamba exposure and stomach cancer. Two studies (Lee et al., 2004;
Lerro et al., 2020) examined ghe assgiiation between dicamba exposure. Lee et al. (2004) reported no
evidence of a positive associatiof among farmers in Nebraska and was ranked low quality due to several
limitations with the study desigii" Lerro et al. (2020) reported no evidence of a positive association
between dicamba intensity weighted lifetime days of dicamba use and stomach cancer among the large
AHS prospective cohort in Iowa and North Carolina. Lerro et al. (2020) was deemed moderate quality for
regulatory purposes and while the outcome and exposure assessments were strong, a notable limitation
was the multiple comparisons without statistical correction.
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Testicular Cancer
One publication (Lerro et al., 2020) examined the association between dicamba and testicular cancer.

Lerro et al. (2020) investigated the association between dicamba exposure and several cancers including
testicular cancer using data from the AHS prospective cohort. The study population (n = 49,992)
consisted of pesticide applicators living in Iowa and North Carolina who were enrolled in the AHS cohort
and who reported information on dicamba exposure at enrollment and follow-up. Incident cancer cases
were identified using lowa and North Carolina state cancer registry files frgin enrollment (1993-1997)
through December 2014 in North Carolina and December 2015 in IowagInteriational Classification of
Diseases for Oncology (ICD-0-2) codes were used to classify cancer gites. Dicamba exposure was
assessed through the enrollment questionnaire (1993 — 1997) and thefirat follow-up interview five years
after enrollment (1999 — 2005). Multiple imputation was used to:gstimate pesticide exposures at follow-
up for individuals who did not complete the interview (n = 20:968,:37%). Poisson regression was used to
calculate relative risks and 95% confidence intervals for egehi Category of intensifyiweighted days of
dicamba use compared with no use, adjusting for age, paee, sex, smoking, state, appligator type,
education, imazethapyr use (Spearmen p = 0.49), angd farnily history of cancer. Cumulstive intensity-
weighted days were categorized as no exposure or quartilesiof intensity-weighted days of ekposure among
all incident cancer cases for sites with > 20 exposed (no use, 50 — 449 Sidays, 449.6 — 1260 days,
1260.1 — 3,698 days, >3,689 days) or based on the median, as'iie;low ot high exposure for cangersiand
subtypes with 10-20 exposed cases (no use;;5,0 — 1,260.0 days, = 1.260.0 days). Among the 49,922
applicators, 26,412 (52.9%) reported dicambi ekposure and among the9 cases of testicular cancer, 23
cases reported dicamba exposure. No evidence ofig positive associatiott wias reported for any exposure
category (0.69 < RR < 1.00; all 95% Cls encompigssed thenull value of Tl with n = 5 — 7 exposed cases
per exposure category; p-trend = 0.71), with the nig.exposute group as the referent, and no evidence of a
significant exposure-response frend.

The overall quality ofithie:study was'zanked moderate baged on the study guality criteria provided in the
OPP Framework. The gengral strengthis of the publicationjincluded the ugiderlying prospective design of
the AHS, focus on U.S. agricultural populations, and availability of a U.S. cancer registry to
comprehensivelyiidentity cancer gases; Authors performed mltiple comparisons however did not correct
for multiple comparisoi: We would gxpect several statistically significant results to go away after such
statistiéal adjustment. Regults from the ever/neverigse amalysis' were not reported.

EPA4 Conclusion

Overall, there is'up gpidemiologicalievidence atifliis time to conclude that there is a causal or clear
associative relationship between dicaiiba exposure and lip cancer. One study (Lerro et al., 2020)
examined the associatioi between dicaniba exposure and lip cancer. Lerro et al. (2020) reported no
evidence of a significant'positive assogiation between dicamba intensity weighted lifetime days of
dicamba use and lip cancer‘among the'large AHS prospective cohort in Iowa and North Carolina. Lerro et
al. (2020) was deemed moderate guality for regulatory purposes and while the outcome and exposure
assessments were strong, a notable limitation was the multiple comparisons without statistical correction.

Tongue Cancer
One publication (Lerro et al., 2020) examined the association between dicamba and lip cancer.

Lerro et al. (2020) investigated the association between dicamba exposure and several cancers including
tongue cancer using data from the AHS prospective cohort. The study population (n = 49,992) consisted
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of pesticide applicators living in Iowa and North Carolina who were enrolled in the AHS cohort and who
reported information on dicamba exposure at enrollment and follow-up. Incident cancer cases were
identified using Iowa and North Carolina state cancer registry files from enrollment (1993-1997) through
December 2014 in North Carolina and December 2015 in Iowa. International Classification of Diseases
for Oncology (ICD-0-2) codes were used to classify cancer sites. Dicamba exposure was assessed through
the enrollment questionnaire (1993 — 1997) and the first follow-up interview five years after enrollment
(1999 — 2005). Multiple imputation was used to estimate pesticide exposures at follow-up for individuals
who did not complete the interview (n = 20, 968, 37%). Poisson regression was used to calculate relative
risks and 95% confidence intervals for each category of intensity-weightedidays of dicamba use compared
with no use, adjusting for age, race, sex, smoking, state, applicator type;ediication, imazethapyr use
(Spearmen p = 0.49), and family history of cancer. The analysis for tongue cancer ‘'was also adjusted for
pack-years smoked (tertiles by smoking status) and non-combustibletobaceo use. Cumulative intensity-
weighted days were categorized as no exposure or quartiles of ifitensity-weiehted days of exposure among
all incident cancer cases for sites with > 20 exposed (no use;3:0 —449.5 days; 449.6 — 1260.0 days,
1260.1 — 3,698 days, >3,689 days) or based on the mediag; as nojdowtor high expgsure for cancers and
subtypes with 10-20 exposed cases (no use, 5.0 — 1,268.0 days, > 1,260.0 days). Among the 49,922
applicators, 26,412 (52.9%) reported dicamba expogiite dnd among the 34 cases of tongiie cancer, 16
reported dicamba exposure. No evidence of a positive assagiation wasizeported for any eXposure category
(0.50 < RR < 0.93; all 95% CIs encompassed the null value'ofil.0; with fi= 5 — 10 exposed'¢aies per
exposure category; p-trend = 0.17), with the no exposure group g:thé referént, and no evidence ofid
significant exposure-response trend.

The overall quality of the study was ranked mugerate based on the study gnality criteria provided in the
OPP Framework. The general strengths of the publicatigitincluded the underlying prospective design of
the AHS, focus on U.S. agricultural populations, 4nd avaitability of a U.S. canger registry to
comprehensively identify gancericases. Authors performed multiple comparisons however did not correct
for multiple comparisosiWe would kxpect several stafistigally significant results to go away after such
statistical adjustmentiResults from the ever/never use anslysis were not rgpoited.

EPA4 Conclusion

Overallgithere 1s no eépidemiologicat pvidence st s time to coriclude that there is a clear associative or
cauggl relationship between divamba expgosure and tengugdincer. One study (Lerro et al., 2020)
examined the association between dicambigiexposure and tongue cancer and reported no evidence of a
positive assgciation between dicamba intensitysweighted lifetime days of dicamba use and tongue cancer
among the large AHS prospectiveigahort in Iowa antl North Carolina. The study was moderate and while
the outcome and’exposure assessmetits were strong, limitations included the multiple comparisons
without statistical ¢artéction and the potential for incomplete confounder adjustment.

Tonsil Cancer

One publication (Lerro et al., 2028) examined the association between dicamba and tonsil cancer.

Lerro et al. (2020) investigated the association between dicamba exposure and several cancers, including
tonsil cancer, using data from the AHS prospective cohort. The study population (n = 49,992) consisted of
pesticide applicators living in Iowa and North Carolina who were enrolled in the AHS cohort and who
reported mformation on dicamba exposure at enrollment and follow-up. Incident cancer cases were
identified using Iowa and North Carolina state cancer registry files from enrollment (1993-1997) through
December 2014 in North Carolina and December 2015 in Iowa. International Classification of Diseases
for Oncology (ICD-0-2) codes were used to classify cancer sites. Dicamba exposure was assessed through
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the enrollment questionnaire (1993 — 1997) and the first follow-up interview five years after enrollment
(1999 — 2005). Multiple imputation was used to estimate pesticide exposures at follow-up for individuals
who did not complete the mterview (n = 20, 968, 37%). Poisson regression was used to calculate relative
risks and 95% confidence intervals for each category of intensity-weighted days of dicamba use compared
with no use, adjusting for age, race, sex, smoking, state, applicator type, education, imazethapyr use
(Spearmen p = 0.49), and family history of cancer. The analysis for tonsil cancer was also adjusted for
pack years smoking. Cumulative intensity-weighted days were categorized as no exposure or quartiles of
intensity-weighted days of exposure among all incident cancer cases for sites with > 20 exposed (no use,
5.0 —449.5 days, 449.6 — 1260.0 days, 1260.1 — 3,698 days, >3,689 days) gi:based on the median, as no,
low or high exposure for cancers and subtypes with 10-20 exposed casgs {110 1t4e, 5.0 — 1,260.0 days, >
1,260.0 days). Among the 49,922 applicators, 26,412 (52.9%) reported dicamba exposure and among the
25 cases of tonsil cancer, 16 reported dicamba exposure. Evidenice of a positive association was reported
for the low exposure category if infensity weighted days of dicamba exposure and tonsil cancer among a
small number of cases (5.0 - 1,260.0 davs — RR = 1.86; 95% CL: 1.19, 2.88; with n = 11 exposed cases),
with the no exposure group as the referent. No evidence gf 4 positiye association was reported for the
high exposure category among a very small number ofiexposed cases (> 1,260 days - RR = 0.64; 95% CI:
0.39, 1.04; withn = 5 exposed cases), with the no expesiire group as the referent, and'evidence of a
significant exposure-response trend (p-trend < 0.001).

The overall quality of the study was ranked moderate based on'the siudy quality criteria provided in the
OPP Framework. The general strengths of th@publication included the underlying prospective.design of
the AHS, focus on U.S. agricultural populatiéns; and availability of #8118, cancer registry to
comprehensively identify cancer cases. Authors:perforimed multiple comipiirisons however did not correct
for multiple comparison. We would expect several statistically significant results to go away after such
statistical adjustment. Results.from the ever/neveriise analysis iwere not reported: We note the small
number of dicamba exposedicases which restricts the:ability 4o iiterpret with confidence the observed rate
ratios.

EPA Conclusion

Overall, thereisinsifficient epidemiolonicilevidence at thistimedto conclude that there is a clear
associatiye’or causalirelationship between dicamba.exposure and tonsil cancer. One study (Lerro et al.,
2020¥ examined the assoviation betweeti:dicamba’éxposiire:gnd tonsil cancer among the AHS prospective
coliort antlizeported evidence ofia positivi gssociation ui'the low exposure category and no evidence of a
positive assgeiation in the higliexposure categary. Additionally, evidence of a significant exposure-
response trendifp-trend < 0.001) Wasireported; with#Hie no exposure group as the referent. This finding
was reported antong.a small number of dicamba-exposed cases (n = 11). The study was moderate and
while the outcome #iidiexposure assegsinents were strong, limitations included the multiple comparisons
without statistical corréction and we nigted several concerns with respect to confounder adjustments that
suggest there may be issugswith samples size and/or the statistical model/statistical analysis. Also, the
reported association between dicambi'exposure and tonsil cancer is a first time (exploratory) finding and
AHS practice is to require a ségongd follow-on confirmatory finding to begin to consider making any
conclusions. This latter point isjacknowledged by the study authors who conclude that future
epidemiologic work on dicamba should focus on replication of their study findings.

3.6.2 Noncarcinogenic Health Outcomes

For noncarcinogenic health outcomes, EPA conducted a review of 45 publications which investigated the - ( Deleted: studie
relationship between dicamba exposure and 26 non-carcinogenic adverse health effects including

allergies, amyotrophic lateral sclerosis, autoimmune disease, rheumatoid arthritis, birth defects,

birthweight, depression, diabetes, dream enacting behaviors, end stage renal disease, eye disorders, fatal
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injury, monoclonal gammopathy of undetermined significance, myocardial infarction, olfactory
impairment, Parkinson’s disease, respiratory effects (including asthma, chronic bronchitis, rhinitis,
wheeze), sleep apnea, stroke, suicide, and thyroid disease (including hyperthyroid, hypothyroid, and other
thyroid disease). The 45 studies for these health outcomes are described below.

Allergies

One publication (Weselak et al., 2007) examined the association between dicamba exposure and allergies
or hayfever among children.

Weselak et al. (2007) investigated the potential association between fiesticide exposures including o (:Commented [JE15]: move to resiratory effects section? }
dicamba among farm couples and allergies in their offspring. Theistudy population was part of the
Ontario Farm Family Health Study (OFFHS). Weselak et al. (2007) analyzed farm couple’s various
exposures during pregnancy including pesticide exposure and respiratory effects fasthma bronchitis,
persistent cough or bronchitis) and hay fever or allergiess/Three qiestionnaires wéréimailed to
participants, one for each the husband, wife, and the fgrm pesticide applicator if différent form either the
husband or wife. Wives were asked to report a fulltéprodictive histary of their first five pregnancies and
their health outcome, as well as if a doctor had ever told thems that thetichild had any of the fellowing
health conditions: asthma, chronic bronchitis or cough, and hagfever of allergies. For the expogiire
assessment, data was pooled from questionnaires completed by théswife and the husband, in addition to a
farm applicator if separate from the husband gr.wife. Exposure quéstionnaires reported on expesure
details regarding pesticide applications, with'the addition of a direct cheinical activities assessment.
Logistic regression was used to calculate ORs and eoresponding 95% Cls for the association between
dicamba exposure and the mentioned health conditions;iadjusting for specificivovariates within each
analysis. Dicamba models were adjusted for Amatjg the total pismber of offspriniiit = 3,405) in this
study, parental exposureoidicambaduring pregnaney (month'oficatiception up to the month of delivery)
was reported for 282 efithe total 2,243 exposed offspringiand of those exppesed to dicamba, 10 reported
asthma, 9 reported ¢hromicibronchitisigr cough, and 19 tgported hayfever or allergies. No evidence of a
positive association was répoited for digamba exposure duging pregnancy and hayfever and allergies in
offspring (Crude OR = 0.67;"95% CI: 0,39, 1.14; with n = 19,exposed cases). When adjusted for child’s
age at timggofiguestionnaire, fathers.ageiat conception, and niatemyal weight gain during pregnancy,
covariate$that whertadded:to the crigde modelivhinged the exposure OR by 10% or more, no evidence of
a sigrifivant positive assoeiation was réported (OR®1 811195% CI: 0.77, 2.93; with n=19 exposed cases).
When offspring were stratitied iy, genderifghale, female), 1o evidence of a significant positive association
was reported Between dicamba éxposure dutiiig pregnancy and hayfever or allergies among male
offspring (OR:= 1,745 95% CL: 0.74.4.11; with 11 172 exposed cases) or among female offspring (OR =
1.04; 95% CI: 0:35,3.09; withn = 7 exposed cages), among a small number of cases.

Overall Weselak et al'{2007) was congidered moderate quality based on the Framework. Despite being a
population-based cohort stiily, exposure and outcome information were both gathered retrospectively by
self-report without any corrobaration pesticide use data or confirmation of outcome by medical record
abstraction. Since dosing information was not provided in this study, the degree of exposure for each
study subject was unknown andcould have potentially led to misclassification. Also, because several
couples included within the study were reporting on several past pesticide exposures and past
pregnancies, and assuming some pregnancies led to poor outcomes (i.e. abortions), recall bias could have
occurred and ultimately affected the woman’s behavior for future pregnancies and couples” memory of
pesticide exposure. Lastly, a small number of exposed cases were observed.
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FEPA Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there 1s a clear
associative or causal relationship between dicamba exposure and allergy. One study (Weselak et al.,
2007) examined the association between dicamba exposure during pregnancy and allergy among the
particpants of the Ontario Farm Family Health Study, a population-based retrospective cohort study
conducted in Canada. Weselak et al. (2007) reported no evidence of a significant positive association
between dicamba exposure during pregnancy and allergy or hayfever in offépring, among a small number
of cases. We note the very small number of dicamba exposed cases which'restriéts the ability to interpret
with confidence the observed odds ratios. The study was ranked mogderate quality and limitations included
the potential for recall bias, exposure misclassification, and outcging misclassification.

Amyotrophic Lateral Sclerosis

The association between dicamba exposure and Amybirophic Lateral Sclerosis (ALS}) was evaluated in
one AHS study (Kamel et al., 2012) described below.

Kamel et al. (2012) investigated the association between pesticide exposuré, including dicamba, ind'ALS
among private pesticide applicators and théir, spouses in the AHS prospective ‘cohort. Cases of AES were
identified using vital statistics data in lowa and North Carolina and'li¢:National Death Index from
enrollment through February 7, 2010 and were defitied as having ALSilisted as an underlying or
contributing cause of death on the death certificate. Pesticide exposure (everuse and days of use) was
self-reported via questionnaire completed at studyienroltment (1993 — 19973 aud shortly thereafter.
Authors compared the 41 casesof ALS to the rest 6fthe AHS cohort (84,689) and tinconditional logistic
regression was used to galculate:(Rs.and 95% Cls foy the association between dicamba exposure and
ALS, adjusting for agi and gender.*] Aimong the 41 casiyand 84,689 Conttols; 12 (32%) cases and 24,332
(31%) controls reported digamba expdsure. No evidenceiaf a significantipositive association was reported
between dicamba exposure aiid ALS amiong a small numbeg of cases (OR = 1.40; 95% CI: 0.60, 3.10;
with n = 12 expased cases).

The quélity of the studyiwak rankedihigh basedon thestudy quality criteria provided in the OPP
Framewark. As part of the'AHS, this study benefited frgm the strengths of the AHS study cohort
includingithie, prospective coliogt study design, case ascertainment, and the exposure assessment.

EPA Conclusion

Overall, there is insufficient epidemioloyical evidence at this time to conclude that there is a clear
associative or causal relationship betwgen dicamba exposure and ALS. One study (Kamel et al., 2012)
examined the association bétsveen diggmba exposure among AHS participants and ALS and reported no
evidence of a significant positive fissociation, among a small number of cases. The quality of the study
was ranked high and strengths ieluded the prospective cohort study design, case ascertainment, and
exposure assessment.

Autoimmune Disease

Three studies examined the effects of dicamba exposure and autoimmune disease including antinuclear
antibodies (markers of autoimmune disease) and rheumatoid arthritis.

43 ALS incidence is greater in men and risk of ALS increases with increased age.
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Antinuclear Antibodies — markers of autoimmune disease

One study, Parks et al., 2019, examined the association between dicamba exposure and the risk of
developing systemic autoimmunity (autoimmune disease).

Parks et al., 2019 investigated the association between pesticide exposure, including dicamba and
autoimmune disease among pesticide applicators enrolled in the Biomarkers of Exposure and Effect in
Agriculture (BEEA) study within the AHS, a large prospective cohott of farmers from lowa and North
Carolina. The study population included male private pesticide applicatorsdiying in Iowa or North
Carolina who were enrolled in the AHS. Additionally, eligible participanisofithe BEEA were > 50 years
of age, completed the AHS enrollment questionnaire and the two follgW up interviews (1999-2003 and
2005-2010), had never been diagnosed with cancer other than non=melangma skin cancer, and did not
report a doctor diagnosis of systemic autoimmune disease at AHS enrollmient; Among the 699 male
private pesticide applicators enrolled in the BEEA study betwéen June 2010 and;September 2013, 668
were included in this analysis and of those, 110 reported gxposure to dicamba. Magkers of autoimmune
disease, including Anti-nuclear antibodies (ANA), extragtable nuclear antibodies (ENA) and anti-dsDNA
antibodies, were detected in serum extracted from nen:fasting blood specimens of study participants.
Samples were collected in participant’s home and were shipped cold ¥ia overnight deliverybefore
processing and storage at -80C. ANA was measured using tmuunoflugréscence assay usingia
standardized protocol in a rheumatology laboratory experiencéd fn highthreughput testing. Samples
positive for ANA were subsequently tested for ENA and anti-dsIDNA antibodies. ANA positivity was
based on highest reading observed and was divided into three exclusivé.categories of positivity to indicate
an increasing threshold for ANA positivity: “AnyiANA” (> 1:80 dilution it 2+ intensity reading),
“Moderate-higher” (> 1:80 dilution at 3/4+ intenisity reading), and “Highetr’? (> 1:160 dilution at 3/4+
intensity reading.). Pesticide exposure was assessed, from'pestigide use data reéported:on enrollment
questionnaires (1993 — 1997} duting the two followsup interviewsi(1999 — 2003 and 2005 — 2010), and at
BEEA enrollment to defermine lifetite use of dicambi, Among the 665 study-participants, 478 reported
exposure to dicambgiandiaf these, 210 lad positive ANA fevel and 286 withidicamba use had a negative
result. The association between lifetinig wise of dicamba reported at enrollment and ANA positivity level
(Any ANA, Moderate-highét, Higher) ¢ampared to those with no detectable ANA was assessed using
three separateiiiiltivariable logistic regression models to detérmine ORs and 95% CIs adjusted for
covariatgsimeasuredial BEEA intepview inchiding: age, BMIL, ‘state, ever smoked, spring or summer
seasoy of blood draw, angd use of agricultural pesticidesin.the past 12 months. No evidence of a
sigrtficantpositive associatign was reported for lifetuneise of dicamba and any of the three ANA
categories {dny ANA — OR = £l 1:95% CE .75, 1.64; with n = 99 exposed cases; Moderate-higher ANA
—OR = 1.33595% CL: 0.79, 2.2Z with n = 58iexposed cases; Higher ANA — OR = 1.33; 95% CI: 0.64,
2.75; with n=>53iexposed cases), withi the no detegtible ANA group as the referent.

In an additional analysig:authors examiied the association between dicamba exposure and the presence of
ENA or anti-dsDNA autoantibodies conipared to those with no ANA level detected, adjusted for age.
Eleven (73%) of the 15 cases with ENA/anti-dsDNA detected and 286 (69%) of the 386 with no ANA
level detected reported dicanibaiéver exposure. No evidence of a significant positive association was
reported for the association between dicamba ever exposure and detection of ENA/anti-dsDNA
autoantibodies among participants (OR = 1.78; 95% CI: 0.37, 8.55; with n = 11 dicamba exposed cases of
ENA/anti-dsDNA out of 15, and n = 286 dicamba exposed participants with no detectable ANA out of
386; p-value 0.474).

The quality of the study was ranked moderate based on the study quality criteria provided in the OPP
Framework. The study benefited from the general strengths of the AHS, including the prospective cohort

study design and the exposure assessment approach which examined cumulative lifetime exposure to
dicamba. Additionally, the outcome of autoimmune disease markers ANA and ENA/anti-dsDNA were
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detected using laboratory methods rather than via self-report by the participant. A noted limitation of the
study is the ambiguity around the temporality of the exposure and the outcome. It is unclear if ANA
developed after exposure to pesticides or before or whether ANA appeared in the past but was no longer
present at time of blood sample collection.

EPA4 Conclusion

Overall, there is insufficient epidemiological evidence at this time to couiehide that there is a clear
associative or causal relationship between dicamba exposure and autgiimune disease. One study (Parks
et al., 2019) examined the association between dicamba exposureamong agricultural workers and risk of
autoimmune disease among a subset of the AHS prospective cohort population; those enrolled in the
Biomarkers of Exposure and Effect in Agriculture sub cohouti Rarksiet al. (20493reported no evidence of
a significant positive association between dicamba expogiize and bigmiarkers foraiitoimmune disease. The
quality of the study was ranked moderate and benefited from the general strengths of the AHS, including
the prospective cohort study design and the exposugé‘agsgssment approach which examigied cumulative
lifetime exposure to dicamba. A noted limitation of the sty is the anibiguity around the gefaporality of
the exposure and the outcome. It is unclear if ANA developed after expasure to pesticides oribéfore or
whether ANA appeared in the past but was no longer present atititne of blood, sample collection,

Rheumatoid Arthritis

The association between dicamba exposure and thieumatond arthritis (RA) wagievaluated in two
publications (Parks et al., 2016, Meyer et al., 2017} described below.

e Parks et al. (2016} investigated tlje association of digamba and other pesticide exposures and RA
among wives of pesti¢ide applicatorsiin the AHS. Using a cohort study design, women (n = 24,293)
self-reported physician-diagnosed RA and pesticide use;through questionnaires completed at
enrollment{Phase 1: 1993 4ud, 1997 for prevalent RA Cases and follow up (Phase 2, 1998-2003;
Phase 3, 200522010 for incident RA vasesiCases of selfsreported RA were classified as confirmed if
the self-reported RA was,supportediby physicign data onprobable if participants self-reported taking
ol medications specific fo RA on a'sergening questionnaire.* Logistic regression was used to estimate
ORs apeiCls, adjusting forigge, state, ‘aydipack-years smoking. Of the 271 total cases of RA among
study patticipants, seven (3%} réported exposureto dicamba, and of the 129 incident cases of RA, 4
(3%) reported dicamba exposuie; Of the 23,570 noncases with complete data, 949 (4%) reported
dicamba exposure, Results suggested no evidence of a positive association between dicamba exposure
and all (incident"and prevalent) RA tases (OR = 0.68; 95% CI: 0.32, 1.50 for total RA). Incident RA
ORs were not calculatéd because fhere were less than five incident cases of RA that reported
exposure to dicamba.

The quality of the study wag ranked moderate based on the study quality criteria provided in the OPP
Framework. The ranking was based on the general strengths of the AHS, including its cohort design.
Study limitations included the use of proxy respondents (~22 filled out screening questionnaires) and
the self-reported outcomes among several of the study participants. Although study authors indicated
that some RA cases were physician-confirmed during later phases of the study, some RA cases were
self-reported earlier on in the study and were contacted at a later date to provide additional data via
questionnaire to validate their RA case status. This self-validating method 1s not the same as the cases

* The study authors reported that identifying the probable cases (those who self-reported taking of medications specific to RA)
provided “more power to focus on incident cases, which may minimize the influence of recall bias or healthy worker effect.”
(Parks et al. 2016)
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who were ascertained by a physician, and likely led to bias and exposure misclassification.
Additionally, different methods were used to collect pesticide use information. Participants were
either mailed questionnaires or interviewed by telephone; participants who were interviewed by
phone were prompted with a list of pesticide names, and these participants may have remembered
their pesticide exposures more accurately than participants (those whom completed the mailed
questionnaires) whom were not prompted with pesticide names. Lastly, we note a very small number
of total RA cases and incident RA cases (n < 10) reported for dicambaiit:the analysis between
dicamba exposure and RA.

e Meyer et al. (2017) investigated the potential association befween exposure to pesticides including
dicamba and RA in male pesticide applicators in the AHS, The study popiilation included male
pesticide applicators enrolled in the AHS between 199341997 who completed at least one follow-up
questionnaire (Phase 2: 1999 — 2003, Phase 3: 20052010, Phasc 4: 2013 —285). Incident RA
cases were identified either through self-reported iise of disease-modifying antirheimatic drugs, use
of steroids for RA, or self-reported RA diagnosis by a rheumatologist on the followsup
questionnaires.*® Eligible cases who reported RA on the follow-up faterview were screeried by
telephone to confirm their diagnosis and to confirm use 6f diseasesmodifying antirheumatic idrugs.
Noncases included pesticide applicatégs who did not report Riiiasid had complete covariate dita.
Pesticide exposure was self-reported on thie enrollment questionjiaires and used to determiné ever use
and cumulative lifetime days of use for spe¢ifie.pesticides includinig dicamba. The association
between dicamba exposure (ever use, lifetitne ts¢, and IWLD of use} ¥, no use and RA was
estimated using logistic regression models adjustedifor ige, pack-yearssiioking, education, and state
of enrollment. Exposure-response analysis wasionly conidiicted for those pestigides with > 20 exposed
cases and an OR > L @0 orieveruse. Covariatesiwere selected based on hypothesized or observed
associations with R A and pesticide.use overall, and gbvariates wicluded. in the final model were
confirmed using selegtion by stepwise regression. Aipong the total probable incident RA cases (n =
220) and noncases (1 = 26,134), 92.{46%) cases and 13,402 (55%) fion-cases reported exposure to
dicamba, based on ever/neyer use. No evidence of a positive association was reported between
dicambi exposurésand incident RA ¢ageiamong male pestigide applicators (OR = 0.90; 95% CIL:
0.65,11.25; with i 92exposed ¢ises). Exposite-response analysis was not conducted for dicamba
because the ever use OR was not > 1.20.

The quality:of the study wasitsiked modetate based on the study quality criteria provided in the OPP
Framework, 'The study benefited from the general strengths of the AHS, including the prospective
study design ‘dhidicumulative pesticide expgsiire assessment. Cases of incident RA were self-reported
and while authors atiempted to rediice over reporting using a screening tool among those reporting
RA on the Phase 3'gugstionnaire t gather more information about the disease and medications
prescribed for RA, these teports were not confirmed via medical record. As such, the outcome
assessment was considered s lithitation of the study. Additionally, the stepwise selection procedures
were considered a limitation a8 these are generally appropriate only for studies conducting
exploratory analyses for putposes of hypothesis generation; purported statistical significance arising
from studies that use this technique are not valid and cannot be relied upon. However, since the study
mentioned that “covariates were selected based on hypothesized or observed associations with
rheumatoid arthritis” this infers that the stepwise procedure was not automated and instead relied on
the thoughtful selection of covariates.

4 Probable RA cases included those RA cases who reported disease-modifying antirheumatic drugs use (n = 220) and possible
RA cases included those who reported use of steroids for RA or diagnosis or visit to rhewmatologist (n = 160)
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FEPA Conclusion

Overall, there is no epidemiological evidence at this time to conclude that there 1s a clear associative or
causal relationship between dicamba exposure and RA. There were two available publications (Parks et
al.,, 2016, Meyer et al., 2017) that examined the association between dicamba exposure and RA among
participants in the AHS prospective cohort and both reported no evidence of a positive association
between dicamba exposure and RA. Parks et al. (2016) and Meyer et al. (2017) were ranked moderate
quality and while benefited from exposure assessment approach used by {lie AHS, the outcome was self-
reported and if clinically confirmed via medical records would have made the assessment stronger.

Birth Defects

Four studies (Arbuckle et al., 2001; Meyer et al., 2006; Weselak etal., 2008; Yang etal., 2014) examined
the association between dicamba birth defects and spontaneous abortion.

e  Arbuckle et al. (2001) evaluated the potential association between prenatal exposure to'pesticides,
including dicamba, and spontaneous abortions during pregnancy. /8 Usiitg data from the Onifatio Farm
Family Health Study (OFFHS), a population based retrospectiyeicohort study conducted in @anada,
this study identified families residing o farims according to thé'}986 Canadian Census of
Agriculture. Eligible farm couples included thoge where the femaleés were < 44 years of age and both
the male and female of the couple permanetiily redidiad on the farm throtighout the prior year. Three
questionnaires completed by the wife, the husband, aud d:farm pesticide‘applicator, if separate from
the husband or wife, weie iised to assess self-reported reprodietive history;eluding the main
outcome spontanequsiabortion of<20 weeks’ gestation,and selfireported past pesticide exposures.
Questionnaires eampleted by théwives focused onipreconceptionand post-conception (during
pregnancy)'” pesticide éxposures and requested a cotiplete reproductive history including all previous
pregnancies, including those that enided in spontaneous gbortions. Estimated calendar month of
conceptionigaleulated by subtracting the gestational agéiat abortion or delivery from the delivery
date,was mapped 16:a pooledihistory ofiagticultural and residential pesticide use gathered from the
farin applicator (if"different from hisband o iy husband, and wife to estimate exposure timing to
eithena pre- or post-cotigaption tinie period. Logistic regression was conducted to calculate ORs and
95% ¢ ls:for individual pesticides withaut.adjustment for any potential confounders. For both
exposuré periods (pre- and posticonceptiony;the results were stratified as either an early spontaneous
abortion (<} 2:weeks) or a lateispantaneous abortion (12-19 weeks). The husbands (or farm
applicator, if someone other thantlie husbad) reported pesticide exposures including the active
ingredients containgd within eachipesticide. Among the total 3,936 pregnancies 395 spontaneous
abortions were repotted (226 early spontaneous abortions and 169 late spontaneous abortions). For
the association betweén dicambaiexposure during the preconception phase and spontaneous abortion,
no evidence of a positive'assaviation was reported for all spontaneous abortions combined (Crude OR
= 1.00; 95% CI: 0.70, 2.70; with n = 20 dicamba exposed cases). When preconception exposure to
dicamba was stratified by &arly (<12 weeks gestation) and late (12-19 weeks gestation) spontaneous
abortion, no evidence of a positive association was reported for early spontaneous abortions (Crude
OR = 1.00; 95% CL: 0.50, 1.80; with n=11 dicamba exposed cases). No evidence of a significant
positive association was reported for late spontaneous abortions (12-19 weeks gestation) (Crude OR —
1.10; 95% CI: 0.60, 2.20; with n=9 exposed cases). Similarly, for the association between dicamba
exposure during the post-conception phase and spontaneous abortion, no evidence of a significant

¢ Spontaneous abortions were defined as an abortion that occurred prior to 20 weeks of gestation.

47 Preconception was defined as a 4-month period spanning from three months prior to conception through the calendar month of
conception. Post-conception was defined as a 3-month period spanning from the first calendar month after conception through the
end of the first trimester.
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positive association was reported for all spontaneous abortions combined (Crude OR — 1.10; 95% CI:
0.70, 1.90; with n = 15 exposed cases) and for late spontaneous abortions (12-19 weeks gestation)
(Crude OR — 1.60; 95% CI: 0.80, 3.20; with n = 9 exposed cases) and no evidence of a positive
association was reported for early spontaneous abortions (Crude OR — 0.80; 95% CI: 0.30, 1.70; with
n =6 exposed cases).

A further analysis that assessed the effects of pre-conception exposure;¥s, post-conception exposure
on the association between dicamba and spontaneous abortions (all gambiiled, early, and late)
reported no evidence of a significant positive association for the garly spontaneous abortions (Crude
OR = 1.40; 95% CI: 0.40, 4.70; with n=9 pre- and n=4 post-cgneceptiom.exposed cases). No evidence
of a positive association was reported for late spontaneous dbprtion (Crude OR = 0.60; 95% CI: 0.20,
1.60; with n = 7 pre- and n = 8 post-conception exposure§ito dicamba) and 4ll spontaneous abortions
(anty gestational age) (Crude OR = 1.00; 95% CI: 0.40, 1'90within = 15 exposed cases). And finally,
the risk of early vs. late spontaneous abortion was.¢ompared during each time period of exposure
{preconception, post-conception). For both expgsireitime periods, preconception #nd:post-conception
exposure to dicamba, no evidence of a positive assoctation was reported between dicaniba exposure
and early spontaneous abortions relative to late spontaneais abortions, with the late spontzneous
abortion category as the referent (Preconception exposure's Crude OR %.0.90; 95% CI: 0:40, 220,
with n = 11 early and 9 late spontaneousiabortions; Post-conception exposure — Crude OR #0.50;
95% CI: 0.20, 1.40; with n = 6 early and9 late spontaneous abortigns).

The study quality of Arbuckle et al. (2001) was congidered moderate quglity based on the Framework.
Despite being a population-based cohort studyiiexposure arid outcome informiation were both
gathered retrospectivélybyiself-report without a1y corrobotstioh.or confirmgtion (pesticide use data
or medical recordgbstraction)Authors estimated'pesticide exposyré by month and estimated
gestational age:at time of spontangais abortion and'then merged the two to create an estimated
pesticide exposure by'gegtational period (preconception, post-conception) to assess the association
between pesticide expostire and spontaneous abortion. This method allowed for the possibility of
exposure nuselagsification. Spontaneaus.abortion was selfizeperted and it is possible that wives
misgemembered eerfain detailsigbont theevent: Additionally, since dosing information was not
provided in this studyy thé degree'ofexposure for egelighitdy subject was unknown and could have
potentially led to misclassification. Alse, because several couples included within the study were
reportingion several past pésticide exposues and past pregnancies, and assuming some pregnancies
led to poot gutcomes (i.e. abottions), recall bizsicould have occurred and ultimately affected the
woman’s behigvior for future pregnancies atigicouples’ memory of pesticide exposure. Lastly, a small
number of expoged cases were obsérved.

¢  Weselak et al. (2008)"evaluated the potential association between pesticide exposures, including
Ontario Farm Family Health Study (OFFHS), Weselak et al. (2008) analyzed farm couple’s exposures
during pregnancy, specifically during the pre-conception and post-conception periods and birth
defects among their children.*s Mothers self-reported birth defects diagnosed at birth or since birth via
questionnaire. A maternal fetal medicine physician and other authors catalogued birth defects by
ICD-9 codes and pregnancies ending in one or more birth defects or musculoskeletal defects were
included in the analysis. Birth defects pertaining to cleft lip/palate, urogenital, heart, integument,
musculoskeletal defects, face and neck, chromosomal, digestive, and central nervous system were

45 Pre-conception was defined as a 4-month period and spanned from 3 months prior to conception through conception (calendar
month of). Post-conception was defined as a 3-month period and spanned after conception (first calendar month of) through the
end of the first trimester.
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considered within this study. For the exposure assessment, data was pooled from questionnaires
completed by the wife and the husband, in addition to a farm applicator if separate from the husband
or wife. Exposure questionnaires captured exposure details regarding pesticide applications, with the
addition of a direct chemical activities assessment. Logistic regression used to estimate individual
ORs and 95% ClIs for pesticides including dicamba, adjusting for known risk factors for birth defects
including: maternal fever during pregnancy, maternal age at conception, parity, and child’s gender.
Covariates with ORs <0.8 or >1.20 were added individually to the model and if this changed the
exposure OR by 10% or more, the covariate was included in the final model. Among the 3,347
pregnancies, 118 birth defects were reported. Of those with information regarding dicamba, 8 of 158
exposed and 100 of 3,254 unexposed to dicamba reported birth defgéts’ Néigvidence of a significant
positive association was reported for the association between parénial dicambd exposure and birth
defects in offspring, among a small number of cases (OR = 1,67:95% €1: 0.79, 3.53; withn =8
exposed cases). When stratified by gender, evidence of 3 moderately strong positive association was
reported between preconception dicamba exposure and burth defects in male offspring, among a very
small number of cases (OR = 2.42: 95% CI: 1.06, 5.53: with n = 7 exposed cases and n = 87 exposed
noncases). Results for post-conception analysis of dicamba exposure and birth'defects among male
offspring were not reported.

{The overall guality of the study was ranked moderate based:on the shidy quality criteria‘ifi the —{ Commented [JE16]: needs work 3
Framework. Limitations included potential for recall bias whete those couples that had a pregancy
resulting in a birth defect may remembetiexposures better thar those who had a pregnancy:tesulting
in healthy offspring. Since dosing informgtioriwas not provided iy this study, the degree of exposure
for each study subject was unknown and coyldiiavie potentially led'tg mpisclassification. Additionally,
several couples included within the study reported on several past pesticide exposures and past
pregnancies, and assuming.some pregnancies léd to poot giitcomes (i.e. abortigis), recall bias could
have occurred and ultiately affected the womati{s behgvior forsfuture pregnsincies. Lastly, a small
number of exposed ¢ases werdiphserved.

e Meyer et al. (2006) cotrdugted a population-based caséicontrol study to evaluate potential associations
between exposure to pesticides incliding dicamba and ligpospadias (male birth defect in which the
openinigofithe irethra is located:on the widerside of the petiigiinstead of the tip), based on geographic
praimity of maternyl vesidencefoiagricultursl pesticide applications in Arkansas. The study
population included paticipants previausly identifigd for a urogenital birth defects study. Cases were
identified using the ArkarsagReprodugtive Health Monitoring System, a population-based birth
defects‘registry that uses active surveillange:of medical records and interviews to identify cases.
Eligible casegincluded male chijlidren with'hypospadias who were born between 1998 and 2002 and
whose materiial esidence was iri gastern Arkansas and was a geocodable address at their time of
birth. Controls wetesidentified using birth certificates data obtained from the Arkansas Department of
Health Vital Records Bepartment giid included the next two males born after each case who did not
have a congenital malforination identified on the birth certificate and whose maternal residence
recorded on the birth certiffeatéiwas a geocodable address in the study area. Controls were frequency
matched to cases on matertial race and all participants included in the analysis had information on
potential confounders and-gestational age that were obtained from birth certificates. Pesticide
exposure was determined using a combination of land use information from Landsat satellite imagery
(National Agricultural Statistics Service, 2004), annual pesticide application statewide summary data
on the most commonly used pesticides obtained from agricultural databases (Agricultural Research
Service, 2001), and timing of application data obtained from Arkansas Agricultural Statistics Service
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(2005). ArcGIS (ESRI, Redlands, CA)* was used to determine pounds of each pesticide applied
within a 500-m buffer around each residence during gestational weeks 6 — 16, the critical period of
development of male external genitalia. Multivariable unconditional logistic regression was used to
calculate ORs and 95% Cls for the association between maternal dicagiba exposure and hypospadias,
adjusting for paternal education level, maternal age, maternal race, wetght gain during pregnancy,
gestational age at birth, smoking (number of cigarettes smoked per day during"pregnancy).
Backwards elimination was used to identify additional covariates assgeiated with hypospadias,
including timing of first prenatal care visit, parity, and an expasure meigi¢representing total pesticide
use. Pounds of dicamba applied within a 500 m buffer of inaternal residéiige;at birth were analyzed as
both continuous and as a categorical variable. Amongthie totil participants i the analysis, 45 of 354
cases and 129 of the 727 controls were exposed todicamba. In the analysis whereidicamba exposure
was treated as a continuous variable, no evideng# of a positive association was reported for the
association between maternal dicamba exposure baseg g residential proximity to dicasiba use and
hypospadias in their children (OR 1.00; 95% CI: 0.98, 1.02; with n=354 exposed cases}. For the
categorical analysis, pounds of pesticides applied were diviged isito fourexposure categories using
Jinks method in ArcGIS. The top two éxposure categories werg combined because of smallicell sizes
size, to create three categories: 0, > 0 - <0:04;.and >0.04 Ibs of dicamba applied per 500 m. No
evidence of a positive association was reparied between pounds ofiditamba applied within 500 m of
maternal residence at birth and hypospadiasiin childrén, with the no expgsure group as the referent
(>0 - <0.04 Ibs — OR = 0.53; 95% CI: 0.30, 0:95; within %34 exposed cases; 28:04 Ibs — OR = 0.91;
95% CI: 0.38, 2.14; withn = 11 exposed cases):

The quality of theistudy was rankedimoderate. Strenuths included the case-control study design, case
ascertainment using 4 ihedical birth defect registry, atid objective mgasure of exposure thus removing
potential for recall bias#THe primary limitation of the $fudy was that it relied on a geospatial approach
to assesgipéitivide exposure based on residential addressiamd land use data on dicamba. This approach
helps minimizerecall:bias however, the'methad relied on'g 860 m buffer to assign ever/mever
exposure based on distanee to agrigitltural landiswhere dicamba was reported to have been applied.
‘Thig approach has not been walidated se it 1s uncledriifiresidence within 500 m of agriculture land can
providg gireliable estimatéof maternal gxposure during pregnancy. Additionally, the study did not
account fot passible residential mobility’? of mothers between pregnancy and childbirth with - Commented [IE17]: find reference for residential mobifity of }
residency geocaded only for maternal address at delivery. As a result, the maternal residential pegnant women

addresses during the exposure perigd may have differed from the reported addresses at childbirth that

were geocoded ang issed to determitie exposure at 6 - 16 weeks gestation, possibly causing exposure

misclassification. Additional limitations include potential for outcome misclassification due to

reliance on birth certificates for data about control participants including covariates and birth defect

status. Birth certificates niay iinderreport birth defects and data quality varies between hospitals and

states.”!

4 ArcGIS (ESRI Redlands, CA) software was used to determine acres of crops cultivated within a 500-m buffer around each
home. Dates containing exposure period for each subject were then linked with estimated dates of crop specific pesticide
applications and field dissipation half-lives. Authors cross referenced pesticide use data for each application with acres grown for
each crop type within the 500-m buffer and calculated an estimated use (pounds of active ingredient) for each pesticide during the
exposure period for each subject.

30 Research based on the Birth Defects Risk Factor Surveillance Study in Georgia found that 22% of women moved during
pregnancy, with half moving outside of the county and that pregnant women were more likely to move if they were younger, did
not plan their pregnancy, and smoked; SES, fathers age, and parity also affected the probability of moving. With respect to
distance moved, the study found that of those who did move, about 60% did so for more than 8 miles (Miller et al., 2009).

*! National Birth Defects Prevention Network (NBDPN). Guidelines for Conducting Birth Defects Surveillance. Sever, LE, ed.
Atlanta, GA: National Birth Defects Prevention Network, Inc., June 2004,
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e Yang et al. (2014) conducted a case-control study of the San Joaquin Valley of California to examine
the association between pesticide exposure, including dicamba and neural tube defects and orofacial

defects from October 1997 to December 2006. Cases included and infants/fetuses clinically diagnosed
with anencephaly, spina bifida (SB), or cleft lip with or without cleft palate (CLP) or cleft palate
alone. Controls included nonmalformed live-born infants and were randomly selected from birth
hospitals to represent the target population of the cases. After identifying potential cases and controls,
the investigators conducted maternal interviews by telephone between 6 weeks and 24 months after
the infant’s estimated date of delivery. Among those eligible for the apalysis, 71% of cases (n = 763)
and 69% of controls (n = 974) completed the interviews and providedidata'on a range of covariates on
education, nutrition, maternal address, lifestyle, and socioeconopdi¢ status. For each case/control,
ever/never pesticide exposure was ascertained based on residential proximity to agricultural pesticide
applications during early pregnancy, based on a 1,000 m buffer aroundnaternal residential addresses.
Pesticide exposure was measured for each case or contrgl mothér from 1'nionth before to 2 months
after her reported date of conception. To estimate pegticide applications, the'stiidy obtained statewide
pesticide use reporting records from January 199746 December 2006, from theit glifornia Department
of Pesticide Regulation Pesticide Use Reporting ¢FLIR) data. Multivariable logisticit¢gression was
then used to assess the relationship between ever/nevetiise of 46 I'pesticides, including gdicamba, and
neural tube defects and orofacial clefis. This analysis adjusted for rage/ethnicity, educational level,
pre-pregnancy BMI, parity, folic acid,supplement intake, atig smoking during 1 month befgre and the
first 2 months of pregnancy. Analysis forclefts were further stratified by infants' sex. Based on this
approach, the investigators reported no evidence of a significant positive association between
dicamba exposure and odds of cleft palate‘glone {OR = 1.4, 95% CE{4, 5.1; n=5 dicamba exposed
mothers). Results were not calculated for cleff lip*withi:or without cleftpalate, anencephaly and spina
bifida due to no or too few exposed cases.

Overall Yang et al:{2014) was ¢insidered moderate giality based iin the OPP Framework. The .{ Commented [AN18]: For David - note that we have discussed
primary strengthiof thie study was that its populatichebased approach used the California Birth Defect ,  } whether these GIS case-control studies should be rated moderate
Monitoring Program’and birth regigtry to systematically identify birth defect cases and healthy births :VI?EVVVV th :er;?!zI:e:urxijrg:r:‘?cﬁz:f;szt?::;::::;t'::::;u5
in the San Joagquin Valley; Galifornia, The investigatorsiwvere also able to collect detailed information { limitations of the exposure assessment.

on a range of potential confoundersithatincluded education, nutrition, maternal address, lifestyle, and

socigeconomicistatus; T he primary limitatioivof the study was that it relied on a geospatial approach
toigssess pesticide éxposiwe based on residential #ddressiend California PUR data on dicamba. This
approdch helps minimize reeall biasibiit relied on 21800 m buffer to assign ever/never exposure
based g distance to agricultural land where dicamba was reported to have been applied. This
approachhigs not been validated so it is ungléarif being present within 1,000 m of agriculture land
can provideig reliable estimate of maternal exposure during pregnancy. Finally, we note that there
were a limited‘nitnber of exposed based ori'this approach, including 5 dicamba-exposed cases.

'( Commented [DM19R18J: ok, Lot discuss 3

EPA4 Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationship between dicamba exposure and birth defects that included neural tube
defects, hypospadias, orofacial clefts, and spontaneous abortion. Four publications (Arbuckle et al., 2001;
Meyer et al., 2006; Weselak et al., 2008; Yang et al., 2014) examined the association between dicamba
exposure and birth defects. Two publications (Arbuckle et al., 2001; Weselak et al., 2008) utilized the
Ontario Farm Family Health Study (OFFHS), a population-based retrospective cohort study conducted in
Canada, to evaluate the effect of dicamba on birth defects. Arbuckle et al. (2001) reported no evidence of
a significant positive association between dicamba exposure and spontaneous abortion. Weselak et al.
(2008) reported no evidence of a significant positive association for the association between parental
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dicamba exposure and birth defects in offspring, among a small number of cases and when stratified by
gender, reported evidence of a moderately strong positive association between preconception dicamba
exposure and birth defects in male offspring among a very small number of exposed cases. We note the
very small number of dicamba exposed cases which severely restricts the ability to interpret with
confidence the observed odds ratios. We also note that there were too few cases to assess the post-
conception defects among male offspring and too few female cases with digamba exposure to asses any
association with birth defects. Both studies were ranked moderate quality and both had limitations
including the potential for recall bias, exposure misclassification, outcgine miscligsification.  Meyer et
al. (2006), conducted a population-based case-control study using a birth defects registry to identify cases
and geospatial information about pesticide use and maternal residence dusing gestational weeks 6-16 to
evaluate prenatal dicamba exposure and hypospadias in maleoffspring in Arkansas. Authors reported no
evidence of a positive association. Using a similar method;¥aug et al, (2014) used California registry
data on birth defects and healthy births to identify casesiand controts and CA PURijg ascertain exposure
to dicamba and reported no evidence of a significant;positive association between dic¢amba exposure
based on maternal residence at birth and cleft palate in'oftspring. As'such, both studies hagisimilar
strengths, but had substantive limitations in their exposurc¢igssessment Because it is unclear if living
within a certain distance (500m or 1,000 m) of agriculture larg is.a reliablé;indicator of maternalignposure
to dicamba. Furthermore, we note the very:small number of expased cleft palate cases which seyerely
restricts the ability to interpret with confidenge the observed odds rafigs.

Birthweight

One study (Sathyanarayansiet al #2010), examined'the assoctatioiibetween maternal dicamba exposure
and birthweight in theirichildren:

Sathyanarayana et al. (204{investigatediin a cross-sectiopal study the potential association between
maternal exposure to pesticidgsincludingidicamba and subgequent birthweight among participants of the
AHS. The study population considted of female spouses enralled in the AHS who had given singleton®
birth within'S yearsiaf study enrolfmient and hadicomplete intogmation on all covariates (n = 2,246). Self-
admipigtered questionnaitesiwere used fo assess'pesfi¢ide expoisure and to obtain detailed information
regarding pregnancy. Usingithiyresponseidata, overall'pesticide exposure was first categorized based on
pesticide“telated tasks as one 6f thie following: no exposure, indirect exposure, residential exposure, or
agricultural expasure® during the figst trimester of pregnancy for each study participant. Individual
pesticide expostirgs were then assessed based onever/never use. The outcome was defined as birth
weight, a continuoys wariable, in grams; A linedt regression model was used to estimate change in birth
weight™ for overall pesticide exposures based on the categorized exposures, in addition to 27 individual
pesticides, adjusting forimdternal BMI {considered both as BMI and BMI squared), height, parity,
smoking, and state of residence as well'as preterm status. Of the 2,246 females who reported live birth
pregnancies, 1,162 (52%) indicated o exposure to pesticides, and 764 (34%), 278 (12%), and 42 (2%)
reported indirect, residential, anid agricultural exposures during their first trimester of pregnancy,
respectively. No evidence of a'significant association was determined in birthweight at each of the four
categories of exposure (-72 grams < f <9 grams; all Cls encompassed the null value of 0; n =42 - 764
women). No evidence of a significant reduction was reported between mother’s ever use of dicamba and
offspring’s birth weight (B =-24 grams; 95% CI: -162, 114 grams; with n = 50 exposed participants).

2 Singleton birth defined as a birth event that resulted in a single, live born child.

53 No exposure = women who answered negatively to all exposure questions; indirect exposure = pruning, picking, harvesting, or
weeding; residential exposure = applying pesticides within the home or garden; agricultural exposure = applying or mixing
pesticides to crops or fixing pesticide application equipment.

* Change in birth weight reported as a multiple regression estimate coefficient with an associated 95% CI in grams.
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The quality of the study was ranked low based on the study quality criteria provided in the OPP
Framework. The cross-sectional study design was the main limitation since temporality for exposure in
relation to the outcome could not be determined, thus the study was ranked low quality.

EP4 Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationship between maternal dicamba exposure and birthweight in children. One
publication, Sathyanarayana et al. (2010), examined the association betweggn maternal dicamba exposure
and birthweight in their children among the AHS population and reportedno evidence of a significant
association between mother’s ever use of dicamba and offspring’s reduced birth weight. The study quality
was ranked low due to the cross-sectional study design since temyporalityifiiz.exposure in relation to the
outcome could not be determined.

Depression

Two studies (Beard et al., 2013; Beard et al., 2014) examitied the asségiation between diggimba exposure
and depression.

e Beard et al. (2013) investigated the poteiitial association betwsenpesticide exposure, inclugding
dicamba, and incident depression among wives of farmers enrolled in the AHS prospective cohort.
The study population consisted of female $pouses(n = 16,893) enrolléd in the AHS, living in Towa
and North Carolina, with no history of physi¢ian diggtiosed depression giienrollment, had complete
data on depression at enrgllment, and had complete covariate data. Casesinéluded farmers’ wives
who self-reported incigient depiression between thie time gfistndyenrollment £1993-1997) through
study follow-up (2005-2010),"and cases were asceytained through vésponses to questions during the
telephone followiup interview. The noncases included farmer’s wives who did not report incident
depression. Exposure sis assessed guring study enroliment for 50 different pesticides including
dicamba using self-administered questionnaires. Of thei}, 054 cases, 31 (3%) reported exposure to
dicambg: The assaciation befweendiciimba ever use, and indirect exposure through farmer’s use of
dicaghba and mewdent:depression among fartiers’ wives wis'estimated using log-binomial regression
taidetermine RRs andi95% Cls. Inverse probabililyiweights were applied to adjust for education level,
ageigt enrollment, ever diaghoses withidiabetes, stateiof residence, and drop out, as well as to account
for the substantial number 6f women (11::10,639) within the study population who did not complete a
follow-up ititerview (1,342 due¢ 1o death). Mosevidence of a positive association was reported for
wives’ dicambizever use and sélfireported i¢ident depression (RR = 0.75; 95% CI: 0.52, 1.08; with n
= 31 exposed cages,) and no evidghee of a positive association was reported for husband’s ever use of
dicamba and self“tgpiorted incident depression among wives’ who never used dicamba (RR = 0.96;
95% CL: 0.77, 1.20;ith. 208 (52%)} cases with indirect exposure).

The quality of the study was ratiked moderate based on the study quality criteria provided in the OPP
Framework. The ranking was based on the general strengths of the AHS, including its prospective
design and exposure assessment approach which examined lifetime exposure to dicamba. However,
the outcome was self-reported without medical record validation and pesticide exposure was self-
reported, which may have introduced exposure misclassification and was limited to ever use.
Information on frequency and duration of use of pesticides was not available for wives.

e Beard et al. (2014) investigated potential association between pesticide exposure, including dicamba,
and self-reported depression among male pesticide applicators in the AHS prospective cohort. The
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study population included male pesticide applicators, enrolled in the AHS between 1993 — 1997, who
also completed a follow up telephone interview between 2005 — 2010. Participants self-reported
physician diagnoses of depression prior to enrollment only, at both enrollment and follow-up, or at
follow-up only. Pesticide exposure was assessed via two self-administered questionnaires, completed
during study enrollment and during the follow-up interview (2005-2010). Polytomous logistic
regression was used to calculate ORs and 95% Cls for dicamba. Inverse probability weighting
adjusted for confounders including age, diabetes, education level, and state of residence, and
accounted for subjects missing covariate data and study drop-outs. Among the study population (n =
21,208), 1,702 (8%) reported receiving a diagnosis of depression (cases); Of those 1,702 cases, 474
reported a diagnosis of depression at enrollment but not follow-up, sud 248:(54%) of those cases
reported exposure to dicamba. Of the 1,702 cases, 540 participants reported dépression diagnosis at
both enrollment and follow-up, and 292 (57%) of those cases geportedigxposure to dicamba. Of the
1,702 cases, 688 participants reported depression diagnosis 4t follow-ugitnly, and 365 (57%) of those
cases reported exposure to dicamba. There were 19,506 study participants who reported no physician
diagnosis of depression, and 10,237 of those non-cases réported éxposure toidigamba. No evidence of
a positive association was reported between dicamba‘exposure and risk of depression for those who
reported depression at enrollment only (OR = 080, 95% CI: 0.79, 1.10) or for those #who reported
depression at follow-up only (OR = 1.00; 95% CI: 0:88;:1.20). Anig there was no evidaiice of a
positive association reported between dicamba exposuré gind risk of depression for those who reported
depression at both enrollment and follow-up (OR = 1.00; 93%. CL 6.80,%1.20).

The study quality was ranked moderate bgsedion the study quality ¢riteria provided in the OPP
Framework. The ranking was based on theigetirilistrengths of the AHS, including its prospective
design and exposure assessment approach which exainined lifetime exposure to dicamba. The study
relied on the self-report of depression diagnosig. Confirmation of cases vig medical records would
have improved the reliability of the outcome cldssification’of the study.

EPA4 Conclusion

Overall, there isno. epidemiological evidence at this time to'¢onclude that there is a clear associative or
causal relgtionship between dicaniba exposiiteiand depression; Thére were two available studies (Beard et
al., 2013 Beard et al.;"20 14 of the AHS cohortithat examined the association between dicamba exposure
and;depression among male pesticide applicators and’aniong wives of farmers. Beard et al. (2013)
reported g pyidence of a postiiviiassociation for wives’ dicamba ever use and self-reported incident
depression,‘andino evidence of aipositive assetiation based on husband’s ever use of dicamba as an
exposure proxy: Similarly, Beard et gl (2014), seperted no evidence of a positive association was
between dicambd’¢xposure and depression amongst those who reported depression at enrollment only, at
follow-up only, and'at both enrollmentind follow-up. Both studies were rated moderate quality and relied
on self-reported physiciagn diagnosis offdepression rather than clinical or medical record confirmation.

Diabetes

Two studies (Montgomery et al., 2008; Starling et al., 2014) examined the association between dicamba
exposure and diabetes.

¢ Montgomery et al. (2008) investigated the association between pesticide exposure, including
dicamba, and incident diabetes among pesticide applicators in the AHS prospective cohort. The study
population consisted of pesticide applicators enrolled in the AHS between 1993 and 1997 (n =
33,457), living in Towa or North Carolina, who completed both the enrollment (1993-1997) and
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follow-up (1999-2003) questionnaires and did not report diabetes at enrollment. Incident diabetes was
identified via self-report at the 5-year follow-up interview. Pesticide exposure was assessed using
self-reported data from the enrollment and follow-up questionnaires. Among the 1,176 diabetic cases,
434 (43%) reported ever use of dicamba, and among the 30,611 non-cases with complete data, 14,639
(53%) reported ever use of dicamba. The association between dicamba exposure and diabetes was
assessed using logistic regression to estimate ORs and 95% Cls, adjusted for age, state of residence,
and body mass index (BMI). No evidence of a positive association was reported between dicamba
and diabetes (OR = 0.68; 95% CI: 0.60, 0.78; with n = 434 exposed cases and n = 14,639 exposed
non-cases) based on ever use when adjusted for age only. Further adjusting the model for state of
residence and BMI in addition to age, no evidence of a positive assggiationiwas reported (OR = 0.99;
95% CI: 0.85, 1.15; with n = 434 exposed cases and n = 14,639 exposed non-Cases).

The study quality was ranked moderate based on the study duality critegigprovided in the OPP
Framework. The prospective cohort study design as part:of.the!AHS and'theidetailed pesticide
exposure assessment were strengths. Self-reported diggnosisiaf diabetes among;the study participants
and the inability to control for diet and exercise weie considered study limitationsand may have
resulted in misclassification of some of the obsefvediresults and/or errors inducediyiconfounding,
respectively. The potential for selection bias was also present since,a large number of participants
who did not complete a follow-up questionnaire might have been diabetic at study enrolfrgent. The
study authors reported that “although we had relatively good follow=up“ef the cohort afters years,
participants who did not complete the follow-up interview were more likely to have had dighetes at
enrollment.”

e Starling et al. (2014) investigated the potentia] assoc¢iation between pesticide exposure, including
dicamba and diabetes amang wives of farmersiin the AHS study. The study population included
female spouses (n = 13,637} offarmers who wete part of the! AHS, living i fowa and North Carolina
who reported everimixing or applying pesticides priof o enrollmentiicompleted at least one of the two
follow-up interviews at, S-years ot | -years after entgllment (N = 15.034), self-reported a physician-
diagnosis of diabetes afigr enrollmént.and who had complete information on BMI. Pesticide exposure
was assessed using data @athered on enrollment questiotinaires. Cox proportional hazard regression
modelsiwere useidito calculate HRs #nd95% Cls to analyze.the association between ever use of
dicamba and mcident diabetes among wives of farmers in e AHS, adjusting for BMI at enrollment
and state of residenceit)fthe total 688 cases, S4i{8%a)seported exposure to dicamba, and of the
12,949 mon cases, 916 (7o) reportediicamba exposiré. No evidence of a significant positive
association was reported between dicanibg:ever use and incident diabetes in women (HR = 1.15; 95%
CI: 0.86,1:53).

The quality of the study was ranked:moderate based on the study quality criteria provided in the OPP
Framework. Self-réported diagnosis of diabetes among the study participants and the inability to
control for diet and exérgise werg gonsidered study limitations and may have resulted in
misclassification of somé pfthe gbserved results and/or errors induced by confounding, respectively.

EPA Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationship between dicamba exposure and diabetes. Montgomery et al. (2008)
reported no evidence of a positive association between ever use of dicamba and diabetes among pesticide
applicators. Starling et al. (2014) reported no evidence of a significant positive association between
dicamba use and incident diabetes in women based on ever use. Self-reported diagnosis of diabetes
among the study participants and the inability to control for diet and exercise were considered study
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limitations in both studies and may have resulted in misclassification of some of the observed results
and/or errors induced by confounding, respectively. Additionally, in Montgomery et al. (2008), the
potential for selection bias was also present since a large number of participants who did not complete a
follow-up questionnaire might have been diabetic at study enrollment.

Dream Enacting Behaviors

One epidemiologic study (Shrestha et al., 2018a) was identified that assessed exposure to dicamba and
dream enacting behaviors (DEB) among farmers enrolled in the AHS.

Shrestha et al. (2018a) examined the association between pesticide gxposure, including dicamba, and
DEB using data from the AHS cohort. The study population inclyded male private pesticide applicators in
the AHS, living in Iowa and North Carolina, who completed g follow-up ittegview (2013 — 2015) that
screened for several Parkinson’s disease prodromal symptogis including DEBAHS participants self-
reported information on DEB in response to , “Have yowiver beetitold, or suspecied, yourself, that you
seem to ‘act out dreams’ while sleeping?” If they answered yes, they were promptediigianswer additional
questions on the frequency of symptoms. Participaits ‘Selfireported physician-diagnosed Parkinson’s
disease during follow-up interviews and cases of DEB were yalidated using medical record data.
Information on head injury was obtained from a subsequent take-home guiestionnaire and the Phiase H
follow-up questionnaire in 1999-2003. Pegticide exposure was répbrted throtgh self-administered
questionnaires completed at enrollment (1993%- 1997). Multivariable logistic regression was ugéd to
assess the relationship between pesticide exposureand DEB, adjusting for age, smoking, alcohol
consumption, marital status, education, state ofigesidenice, and head injury; Authors used inverse
probability weighting to impute missing data to agcountforithe loss of participants and loss of covariates
as only 23,478 (46%) of the 51,035 male private applicatorsig AHS completed theifollow-up survey
(2013-2015). Among the; 20,591 mile private applicators ingluded fiithe analysis; 1,623 (7.9%) self-
reported DEB during the follow-upinterview and 1,001, gfithese alsosgported experiencing DEB
symptoms three or fore tiines. Among the 1,623 cases, 780 DEB cases'tgported exposure to dicamba.
Cases were compared withigghort membsers who also completed the follow-up interview but did not
report DEB (n = 16,441). No'evidence of a positive associatign was reported between dicamba ever use
and DEB amang maleipesticide’applicaters ¢OR = 1.00; 95%i¢1:.0.90, 1.20; with n = 780 exposed cases).
Similarly'ho evideri¢e of a:positive gasociation witsreported between dicamba exposure and DEB among
pesti¢ide applicators who'teparted three br more episodes 6 DEB (N = 17, 321), (OR = 1.00; 95% CL:
0.90, 1720, with n = 495 expusedicases). ‘And finally, no'évidence of a positive association was reported
between disaiba ever use and BB when Pl patients were excluded (OR = 1.00; 95% CI: 0.90, 1.20,
with n = 740 exposed cases).

The overall study quiality was ranked moderate'based on the study quality criteria provided in the OPP
Framework. Study stréngths included'the cohort study design and the reliability of the AHS questionnaire
to ascertain pesticide expasiize. While the study had several strengths, it was determined to be of
moderate quality because of:limitations in the ascertainment of the outcome and the potential risk of
selection bias due to loss to follow-up. Ascertainment of the outcome relied on self-report by survey
participants and may have introduced misclassification if participants cannot reliably report that their
symptoms are consistent with typical prodromal PD symptoms. Given that the study was prospective, this
source of outcome misclassification is likely to be non-differential because study subjects provided
information on pesticide use before reporting DEB during Phase 5 follow-up in 2013-2015. Loss to
follow-up 1s another important limitation because only 46% of the study subjects originally enrolled
completed the Phase 4 survey in 2013-2015. This may introduce selection bias if study subject
participation in the follow-up phases is related to their disease status for PD and other health outcomes.
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FEPA Conclusion

Overall, there is no epidemiological evidence at this time to conclude that there is a clear associative or
causal relationship between dicamba and DEB among farmers enrolled in the AHS. One available study
(Shrestha et al., 2018a) assessed the association between dicamba and DEB among farmers in the AHS
and reported no evidence of a positive association. The overall quality of the study was ranked moderate.
Study limitations included the self-reported outcome and the potential risk of selection bias if study
subject participation in the follow-up phases was related to their disease status for PD and other health
outcomes.

End Stage Renal Disease

Two studies (Lebov et al., 2015; Lebov et al., 2016) examined the association between dicamba exposure
and end stage renal disease (ESRD).

e Lebov et al. (2015) evaluated the association between pesticide exposure, includinigidicamba and
ESRD. The study population consisted of female spaiiges of pestigide applicators etitolled in the
AHS. ESRD cases were identified through linkage with e US Rengl Data System and fitst renal
replacement therapy (i.e. dialysis initiation or renal transplasitationyidate was used to identify:ESRD
cases occurring between study enrolltiient (1993-1997) and énd of follow up (December 31;2011).
Pesticide exposure was assessed using infotmation obtained viasélf-administered questiorinaires
completed at enrollment, however, results for direct exposure to di¢iinba (wives personal use) were
not reported. The number of cases and non‘gasesiwith. direct dicamba gxposure was not reported.
Among the 64 ESRI cases and the 13,653 non-cases withindirect exposute to pesticides who
reported no prior use, 28454:9%) cases and 6,072 (49.4%) nén-cases reported indirect exposure to
dicamba. No evidenge'of a'sigiificant positive asgociatisil was reported for indirect exposure to
dicamba and ESRI} among female spouse of pesticide applicators swhoilisd no prior use of dicamba
themselves (HR = 1139:95% CI: 6,80, 2.42; with n = 28 exposed casgs). In an additional analysis that
considered the association between husbands’ cumulative lifetime use of dicamba and ESRD among
wives whageported no dirdeiipestigide exposure, husbanil’s dicamba lifetime exposure was divided at
the following cut points at the piedian:1:0::.25.3 days of uggiand > 25.3-262.9 days of use. No
evidence of a significantpositive associationiwasizeportedifor female spouses’ indirect dicamba
exposure at either exposurélevel dndino evidence'af an exposure-response trend (1.0 — 25.3 days of
use “HR = 1.30; 95% CI10.66, 2.57;%vith n = 13 exposed cases; >25.3-262.9 days of use - HR =
1.42; 9586 1. 0.70, 2.86; within= 123 exposed cases; p-trend > 0.05), with the non-exposed group as
the referent.

The overall quality &f the study wis ranked moderate based on the study quality criteria provided in
the OPP Framework: The general strengths of the study were the underlying prospective design of
AHS, focus on U.S. agrigultural gpopulations, and availability of a U.S. registry to comprehensively
identify ESRD cases. Study lanitations included the indirect assessment of pesticide exposure for
applicator wives using husband use information as a surrogate. This approach has not been validated
and may not be a reliable proxy for direct exposure by female spouses.

¢ Lebov et al. (2016) evaluated the association between pesticide exposure, including dicamba, and
ESRD among male pesticide applicators enrolled in the AHS prospective cohort. The study
population included male pesticide applicators, enrolled in the AHS (1993 — 1997), living in lowa and
North Carolina, who were >18 years old. ESRD cases were identified from enrollment through
follow-up (December 31, 2011) by linking the AHS cohort data with the United States Renal Data
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System. Pesticide exposure was assessed via self-administered questionnaires administered at
enrollment and shortly thereafter at home. For several pesticides, including dicamba, only duration
and frequency information were available on the take-home questionnaire. Among the 24,429 with
this limited exposure information, 136 ESRD cases were identified and of these, 95 cases reported
dicamba exposure. Lifetime pesticide exposure was modified by an intensity factor to account for the
variation in pesticide application practices to produce an estimate of IWLD of exposure for 39
pesticides including dicamba. An investigation of the association between IWLD of use of dicamba
and ESRD among applicators, was conducted with the following tertiles: <490 days of use, 490 —
2,766.75 days of use, and > 2,766.75 days of use, with the no exposurgigroup as the referent. Cox
proportional hazards models were used to calculate HRs and 95% Cls for tlie association between
dicamba and ESRD among male pesticide applicators, adjusting for state and dge. No evidence of a
significant positive association was reported between dicambgiexposite and ESRD among male
pesticide applicators at any exposure category and no evidetige.of a sighificant exposure-response
trend, with the no exposure group as the referent (0.69 <¢HR <'1,06; all 95%5C]s encompassed the null
value of 1.0; n =31 - 32 exposed cases and n = 7,153::.:10,203 exposed non=gses; p-trend > 0.05).

The overall quality of the study was ranked higl'baged on the study quality criteriaprovided in the
OPP Framework. The general strengths of the study were the undetlying prospective'degion of AHS,
focus on U.S. agricultural populations, and availability ofa/l).S. registry to comprehensively. identify
ESRD cases. Lebov et al. (2016) diregtly assessed dicamba gxposiire based on the AHS suivey
instrument.

EP4 Conclusion

Overall, there is insufficientigpidemiological evidenge at thisithmsito conclude thit there is a clear
associative or causal relgtionship between dicamba exposuteand ESRD, Two studies investigated the
association between dicamba and ESRP among the AHS study populition: Liebov et al. (2015) reported
no evidence of a significant:positive assgeiation betweertindirect dicamba'exposure (through husband’s
exposure) and end-stage renglidisease (ESRD) among the female wives of pesticide applicators enrolled
in the AHS. The:everall quality of the stidy was ranked modgrate with the primary limitation being the
indirect agyesshient ofl pesticide exposure for dpplicator wivesiising husband use information as a
surroggte: This approdch hgs not been validated and tnay not be' a reliable proxy for direct pesticide
expasure:Lebov et al. (2016) reported'ngievidence ot significant positive association between dicamba

exposure, withithe no exposure grinip as the referent, The overall quality of the study was ranked high.

Eye Disorders

Two studies (Kirrane et'al; 2005; Montgomery et al., 2017) assessed the association between dicamba
exposure and eye disorders:gmipng wives of pesticide applicators.

e Kirrane et al. (2005) investigated the association between pesticide exposures, including dicamba and
retinal degeneration and other eye disorders among wives of AHS pesticide applicators using a cross-
sectional analysis of the AHS prospective cohort. The study population included wives of pesticide
applicators living on a farm in Towa and North Carolina who completed the spouse’s questionnaire.
Doctors diagnosis of retinal degeneration was self-reported on the spouse’s questionnaire as was
pesticide exposure. A total of 31,173 women self-reported both exposure (wives ever use of
pesticides) and outcome (eye disorders) on questionnaires completed at enrollment (1993 — 1997).
Logistic and hierarchical logistic regression modeling were used to evaluate potential associations
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between dicamba exposure and eye disorders, adjusting for age and state of residence. The authors
reported 4.80% (~ 13 — 14) of the 281 cases of eye disorders and 4.10%"° of non-cases were exposed
to dicamba. No evidence of a positive association was reported between dicamba exposure and eye
disorders among a small number of cases, based on ever use (OR = 1.00; 95% CI: 0.40, 2.50).

The overall quality of the study was ranked low based on the study quality criteria provided in the
OPP Framework. The ranking was based on the general strengths of the, AHS, ability to identify
cancer cases through linkage to cancer registries, and the exposure assesstient approach which
examined cumulative lifetime exposure to dicamba. However, begaiise of thé:cross-sectional study
design, it was impossible to determine temporality and the study was thus ranked low quality for this
reason.

e  Montgomery et al. (2017) conducted a nested case-cositrol stady among the'AHS study population as
a follow-up study to Kirrane et al., (2005) to determiinte if incident cases of agésrelated macular
degeneration (AMD) were associated with previiaus pesticide exposure including'dieamba. The study
population included pesticide applicators and their spguses, enrolled in the AHS prospegtive cohort,
who completed both enrollment (1993 - 1997) and follow:-isp telephone interviews (199922003 and
2005 — 2010) and were > 50 years old on September 1, 2007 {AMIY s tare before that age). Cages
included AHS study participants (menignd women) who self-ieported either a physician diggnosis of
AMD during 1994 to 2007 or early signs ol AMD. AMD diagnosiswas confirmed by review of
medical records and supporting pathologyaritetinal photographs wergreviewed by the study
optometrist and ophthalmologist, respectively, Confrils were selectediffom the cohort participants
who did not have confirmed or possible AMID: Lifetitne days of pesticide etposure was assessed via
self-report on questigniiaires administered at erizpllment, THe dssociation between dicamba exposure
and AMID) was assgssed using fogistic regression tg determine @Rgiand 95% Cls, adjusted for age,
gender, and smeking :Among the tatal 161 cases and 39,108 controls, 44 (30%) cases and 12,012
(33%) controls reporied exposure g dicamba. No evigence of a significant positive association was
reported between dicamibag and AME) based on ever/nevir exposure (OR: 1.10 95% CI: 0.70, 1.70;
with n =diespased cases‘andin —:12i812 exposed contrgls). When the data were further stratified by
genderi o evidenceiof a significant positivéiassociation wagreported between dicamba exposure and
AMD among men bisedion everitever expostire (OR: 1.20; 95% CI: 0.80, 1.90, with n = 42 exposed
tiale cases and n = 11,20} exposedmile controls)“Iliere were not enough females reporting dicamba
exposureto assess the association between dicamba exposure and AMD among females. When
incident'AMD cases were stratified by edtlyianddate AMD and adjusted for age, gender and smoking
status, no evidence of a significant positiveiggsociation was reported for dicamba exposure and either
early or late AMID when compargd to contsbls among a small number of cases (Early AMD — OR:
1.20; 95% CI: 0.64,2.40, with n = I8 exposed cases and n = 12,012 exposed controls; Late AMD —
OR: 0.90; 95% CI: @30, 1.70, with i = 18 exposed cases and n = 12,012 exposed controls). And,
when late AMD was compared to early AMD (reference group), no evidence of a positive association
was reported (OR: 0.80; 98%4iC11: 0.3, 1.9, with n = 18 exposed late AMD cases and n = 18 exposed
early AMD cases).

In an additional analysis of the cumulative days of dicamba exposure where exposure was divided
into three exposure categories, >0 - 10 days, >10 — 100, and >100 days of cumulative exposure, with
the no exposure category as the referent, evidence of a sientficant positive association was reported
for the high exposure category (OR = 1.90; 95% CI: 1.03, 3.50; with n = 15 exposed cases, n = 2,887
exposed controls; p-trend 0.112), with the no expasure group as the referent. No evidence of a

% The total number of noncases was not reported by the study authors (only various ranges) due to missing data. Thus, we are
unable to caleulate an exact number of noncases exposed to dicamba.
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significant positive association was reported for any other exposure category (1.00 > OR > 1.10; all
95% Cls encompassed the null value of 1.0; with n = 10 — 16 cases per exposure category).

The quality of the study was ranked moderate based on the study quality criteria provided in the OPP
Framework. The ranking was based on the general strengths of the AHS, including its prospective
design, ability to confirm AMD cases through review of medical records and retinal photographs, and
exposure assessment approach which examined cumulative lifetime exposure to dicamba.
Additionally, we note that the number of exposed cases was small in the exposure-response analysis
(n<15).

EP4 Conclusion

Overall, there is insufficient epidemiological evidence at this timeé:tp concludeithat there is a clear
associative or causal relationship between dicamba and eyeglisorders including AMD. There were two
available studies that examined eye disorders (Kirrane etal’, 2005:Montgomery et 4., 2017). Kirrane et
al. (2005), reported no evidence of a significant positiye association between dicambg éxposure and
retinal degeneration among wives of farmers in a cfoss:gectional analysis of the AHS papilation and was
ranked low quality. In an update to Kirrane et al. (2005) thit included longer follow-up tingeand analysis
of both pesticide applicators and pesticide applicators wives'together anidthen separately, Montgomery et
al. (2017) reported evidence of a positivesgssociation between digdniba and AMD in the highestexposure
category in the exposure-response analysis but no evidence of an exposure-response trend and no
evidence of a significant positive association was reported in any other exposure category. The study
quality was ranked moderate. Lastly, we note that evenithough the overall study populations were large in
both studies — Kirrane et al., 2005; Montgomery'ét al.,,"201 7. only a small'niimber of cases (n < 18 cases)
with exposure to dicamba were available for the exposure-réspanse analysis bejwegii dicamba and eye
disorders which limits the interpretibility of the obseryed odds Tation

Fatal Injury
One study (Waggener et al., 2013) exaniined the associationibetween dicamba exposure and fatal injury.

‘Waggaiter et al. (2013¥investigatedithe. association between specific pesticides, including dicamba, and
fatalinjuty among male privaie pesticide applicators'entalled in the AHS prospective cohort. The study
population ¢ansisted of AHS ‘talé private pésticide applicators (n = 51,035) living in Iowa and North
Carolina wha gompleted both entollment quesiionnaires (1993 — 1997). Fatalities were identified through
state death registties and the National Death Indéx./Cases were defined as any mortality that occurred in
an occupational séftihe, including maior vehiclgiaccidents, from enrollment (1993 — 1997) until the end of
follow-up (December 31, 2008) or date of death (whichever was earlier). The non-case group included
private pesticide applicatots who did not suffer from a deadly injury during the study, regardless of vital
status. Pesticide exposure was:self-repoited on the enrollment questionnaires. Cox proportional hazards
models were used to calculate HRs and 95% ClIs for fatal injuries and individual pesticides based on
ever/never exposure, adjusted foridge and state. Among the total study population (n = 51,035), 22,952
(50%) private pesticide applicators reported exposure to dicamba. And of the 281 fatal injuries, 148
(49%) reported exposure to dicamba. No evidence of a significant positive association was reported
between dicamba exposure and fatal injury among male private pesticide applicators in the AHS, based
on ever/never use (HR: 1.02; 95% CI: 0.81, 1.28; with n = 148 exposed cases). In an exposure-response
analysis, where the following four exposure categories were created based on frequency of use
(days/year), 0, <2.5,>2.5 -7, >7 days per year of use, no evidence of a significant positive association
was reported for any exposure category (0.85 < HR < 1.42; all 95%Cls encompassed the null value 1.0;
withn = 11 — 52 cases per exposure category; p-trend = 0.27) and no exposure-response trend.
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The quality of the study was ranked low based on the study quality criteria provided in the OPP
framework. While Waggoner et al. (2013) leveraged the AHS’s prospective design and mortality data
available through the National Death Index, it has important methodological limitations. The original aim
of AHS was to examine the association between chronic pesticide exposure and cancer outcomes. In
contrast to cancer, fatal injury is an acute event so it is unclear if self-reported pesticide use at enrollment
is a valid measure of exposure during the time interval that preceded fatal injury. The investigators also
mention that frequency of pesticide use may be an “indicator” of other activities that could increase the
risk of fatal injury. For example, individuals who use more pesticides may also use more complex farm
equipment more frequently, increasing the chance of an occupational accidgit that could lead to death. As
such, more definitive information is needed on cause of fatal injury and gheé cotitributing events that lead
to accidents before any conclusions can be drawn from the AHS study population.

EP4 Conclusion

Overall, there is insufficient epidemiological evidence at:this time ta conclude that there is a clear
associative or causal relationship between dicamba exposure and fatal injury. There*was one available
study, Waggoner et al. (2013), that reported no evideniee of a significant positive associittion between
dicamba exposure and fatal injury among male pesticide applicators in‘the AHS. The study guality was
ranked low. The prospective study design and collection of mortality datdiavailable through the National
Death Index were study strengths, it is notiglear if pesticide useafieipollmentis a valid measure gf
exposure during the time interval that preceded fatal injury, as pestigide use could be more of ait indicator
of use of complex farm equipment which would iticrease risk of fatal'injury.

Monoclonal Gammopathy of Undetermined Significance

The association betweer ¢hlorothalonil exposure andimondgelonal’ganimopathy of undetermined
significance (MGUS) 4 pre-cursor to minltiple myelomg; was evaluated n ¢ne AHS study (Landgren et
al,, 2009).

Landgren et ak:(2009) investigated the potential association fetween pesticide exposure, including
dicamba giid WG aong the AHSiprospective cohort. MGUSS a pre-malignant disorder of the
plasma gélls that usually précedes niultiple myelomgiThe study population (n = 678) included a stratified
random sample (based on lifetime of organophosphateiuge) of male pesticide applicators in the AHS
cohort liviigyin lowa or Northi¢arolina whoigompleted all three follow-up phases of the AHS and were
enrolled in a peurobehavioral stidy nested within the, AHS cohort. Applicators who reported a history of
lymphoproliferative malignancy wéreiexcluded; Cases of MGUS and non-cases were determined from
participant serum“satples collected between 2006 - 2007 for participants living in Towa and in 2008 for
participants living iniNexth Carolina,as part of the neurobehavioral study. All study participants reported
pesticide exposure througltia self-admisyistered questionnaire completed at enrollment (1993 — 1997) and
occupational exposures, miedical histories, and lifestyle factors at follow-up interviews conducted five
years after enrollment. Logistie gegiession models were used to calculate ORs and 95% ClIs for dicamba
and risk of MGUS, adjusting for 4ge and education level. Among the 678 male applicators included in the
analysis, 17 of the 38 MGUS ciises reported exposure to dicamba. No evidence of a positive association
was reported between ever exposure to dicamba and MGUS among (OR = 0.90; 95% CI: 0.50, 1.80, with
n =17 exposed cases).

The quality of the study was ranked moderate based on the study quality criteria provided in the OPP
Framework. The ranking was based on the general strengths of the AHS, including the prospective
design, additionally the determination of MGUS cases through serum samples that were reviewed by
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three study personnel. The exposure assessment approach only included ever/never use, and an exposure-
response assessment of cumulative lifetime exposure to dicamba would have been helpful.

EP4 Conclusion

Overall, there is no epidemiological evidence at this time to conclude that there 1s a clear associative or
causal relationship between dicamba and dicamba. There available study (Landgren et al., 2009) reported
no evidence of a positive association between dicamba exposure and MGUS among male pesticide
applicators in a subset of the AHS population and was ranked moderate quislity.

Myocardial Infarction

Two AHS studies (Mills et al., 2009; Dayton et al., 2010) examined the assot¢igtion between dicamba
exposure and myocardial infarction (MI).

¢ Mills et al. (2009) evaluated the association befwess pesticide usage including dicaniba, and MI
among male pesticide applicators in the AHS prospectisie cohort. Fhe study population {n = 54,609)
included male pesticide applicators living in Iowa and Ngrth Carolina.enrolled in the AHS Cases of
MI resulting in death among AHS participants that occurréd gftet eriroltment (1993 -1997) through
December 31, 2006 were identified thréiigh linkage to state angd national death records. Cases of
incident non-fatal Ml included those AHS psrticipants who repotted.a physician diagnosis of MI
since enrollment on the 5-year follow-up questiotinaire (1999 — 2003} Fatal and non-fatal cases of MI
were analyzed separately due to different follow-tip titnes. Pesticide expasure was assessed using
self-reported pesticide exposure on questionniires completed at study entollinent and at the 5-year
follow-up. Cox propetiional lazards regressioniyas used to:caleulate HRs #i1d 95% Cls for fatal and
non-fatal MI risk forindividus pesticides, adjusted foridge, smoking;. and state of residence for the
fatal MI analysigi‘andiage, smoking,:state of residetive and BMI fotithie non-fatal MI analysis. Among
the 476 fatal MI cases; 42% (n = ~223 - 224 reported gxposure to di¢amba, and of the 839 non-fatal
MI cases, 47% {(n = ~ 394::395) reported dicamba expasure. No evidence of a positive association
was repuited forself-reported everuiseiof dicamba and fatal MI (HR= 0.94; 95% CI: 0.75, 1.18; with
n=#293-224°xpoged cases)dand no evidenve of a significant positive association was reported for
ditamba exposure and pun-fatal MIYHR= 1.13§95%6:61::0.94, 1.34; with n = ~ 394 - 395 exposed
cases)

The quality of the study was rafiked moderate bitsed on the study quality criteria provided in the OPP
Framework. $tudy strengths inclide the progpective design of AHS and exposure assessment
approach. Withirespect to limitations, fatal and nonfatal MI incidence were ascertained using
state/national deatlirggistries and self-report, respectively. The use of registry data on mortality
allowed the investigatorsito evalugate fatal M1 in the entire AHS cohort, where non-fatal MI could
only be evaluated in 32,024 0f the'total 54,609 participants enrolled in AHS (58%). The follow-up
period for non-fatal MI wag only a median time of 5 years, whereas the median follow-up time for
fatal MI was 11.8 years. Axt'additional limitation in the evaluation of non-fatal MI is that
ascertainment relied on self-report and has not been validated. The investigators acknowledged
limitation and suggest that this approach may result in misclassification, most likely non-differential,
because studies in other populations suggest that only 60-68% of self-reported MI cases could be
validated based on medical chart review.

e Dayton et al. (2010) conducted a prospective study of female participants of the AHS cohort to
investigate the association between pesticide use, including dicamba, and non-fatal MI. A total of
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22,425 women (pesticide applicators and spouses of pesticide applicators) who completed both the
enrollment questionnaire and follow-up phone interview, self-reported physician-diagnosed MI and
pesticide use including dicamba. Logistic regression was used to calculate ORs and 95% Cls,
controlling for age, BMI, smoking status, and state of residence. Of the 168 incident MI cases, 5 (3%)
reported exposure to dicamba; of the 22,257 controls, 1,019 (5%) reported exposure. Based on this
approach, the investigators reported no evidence of a positive association between ever use of
dicamba and non-fatal MI among farm women (OR=0.8, 95% CI 0.3-1.9, n=5 dicamba exposed
cases).

The quality of the study was ranked moderate based on the studyiquality criteria provided in the OPP
Framework. Study strengths include the prospective design ¢ AHS angd exposure assessment
approach. As with Mills et al. (2009), a limitation of the ipvestigators’ evalaation of non-fatal Ml is
that the outcome ascertainment relied on self-report apil husinot been validaied, The investigators
acknowledge this in the discussion of their findinggiand suggest that this approach, may result in
misclassification because studies in other populativiis suggest that only 60-68% of self-reported MI
cases could be validated based on medical chart review:

FEPA Conclusion

Overall, there is insufficient epidemiologicaliévidence at this time to'¢onclude that there is a clear
associative or causal relationship between dicdmba atid MI. There wereitwa studies of the AHS cohort
that examined that association between dicamba gxpostireiand ML Mills et al:(2009) reported no
evidence of a positive association for fatal MI andino evidenctiof a significant pgsitive association for
non-fatal M1, based on evérineveriuse of dicamba amongst malé pasticide appligators in the AHS. Dayton
et al. (2010) further exgmined the'telationship betweetdigamba expostire and fion-fatal MI among female
participants of the A#S. Fhe study réposted no evidence vf a positive asgogtation. Both studies were
moderate quality and a litaitation of botl studies was the'self-report of the outcome which could have
resulted in misclassification:

Olfactery Impairment

One AHS study (Shrestha et'al;, 2020a) examined the association between dicamba exposure and
olfactory impgirment.

Shrestha et al. (2820a) evaluated thé gssociation between exposure to specific pesticides, including
dicamba and olfactogy impairment aimpng pesticide applicators in the AHS. The study population
consisted of private pestigide applicators (mainly farmers) enrolled in the AHS prospective cohort.
Olfactory impairment®® Wag self-reported during the Phase 4 follow-up interview (2013- 2016). Pesticide
exposure was self-reported reportedion the questionnaires administered at enrollment (Phase 1: 1993-
2007) and shortly after and on‘follow-up interviews (Phase 2: 1999-2003, Phase 3: 2005-2010, and Phase
4:2013-2016). Among the 52,394 applicators enrolled in the AHS, 24,145 completed the Phase 4 follow-
up survey. Of these pesticide applicators who completed the Phase 4 follow-up questionnaire, 20,409 had
complete data on olfaction and baseline covariates and were included in the final analysis. Logistic
regression was used to estimate ORs and 95% Cls for the association between individual pesticides
including dicamba use reported at enrollment and olfactory impairment among private pesticide
applicators based on ever use and IWLD of use. Models were adjusted for age at enrollment, sex (male,
female), smoking status, education, state of residence, and history of performing other farming tasks that

% Participants were asked to respond to two questions pertaining to olfactory impairment on the Phase 4 follow-up questionnaire
and included “do you suffer from a loss of sense of smell or significantly decreased sense of smell?” and “When did you start
losing your sense of smell” which had four possible response choices: < 1, 1-5, and >10 years prior to the Phase 4 follow-up.
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may result in airborne irritants at least once per year,”” and correlated pesticides (ever use with Spearman
correlation > 0.40).°® Among the 20,409 participants who reported olfactory impairment on the Phase 4
questionnaire, 1,158 cases of olfactory impairment and 9,506 (55.2%) noncases reported ever exposure to
dicamba. No evidence of a significant positive association was reported between the association of
dicamba ever use and olfactory impairment (OR = 1.11; 95% CI: 1.00, 1.24), based on ever use. In the
exposure-response analysis, IWLD of dicamba (product of years of use and days per year weighted by
exposure intensity) were divided into four exposure categories including never exposure (referent) and
tertiles of days use for dicamba (>0-551, >551--2170, and >2170 days). ;N evidence of a significant
positive association was reported for any exposure category of IWLD:wf dicambduse and olfactory
impairment among pesticide applicators in the AHS (1.09 < all ORs 115 all 95% Cls encompassed the
null value of 1.0; with n = 366-396 cases per exposure category});

The quality of the study was ranked moderate quality based onithe study quality griteria provided in the
Framework. Study strengths included the AHS prospective cohort, ‘and the exposture assessment including
ever use and cumulative use exposure response analysisi.The outcome was self-reportediand the outcome
assessment would have been strengthened by clinical confizmation ofiself-reported outcanie,

FEPA Conclusion

Overall, there is insufficient epidemiologicaliévidence at this time to'¢onclude that there is a clear
associative or causal relationship between dicatnba exposure and olfactory:impairment. One publication
(Shrestha et al., 2020a) examined the association between dicamba exposurg and olfactory impairment
among the AHS prospective cohort population andireported noievidence of a'sighificant positive
association between ever e ind cumulative IWLDiof use of dicarba among the pesticide applicators in
the AHS and olfactorygdmpairment; The quality of theistudy was moderate andieven though benefited
from the strengths ofithe AHS such as the prospective cohort study desigy and the exposure assessment.
‘We noted limitations including the selfirgported outcomeiassessment which could have been strengthened
through clinical confirmation gf olfactory impairment, the petential over adjustment of several covariates
in the analysisi Additionally, authors adiusted for correlated pesticides however did not specify which
pesticidesiwere correlited:with each other and this:would have béen helpful in the assessment.

Parkinson s disease

Two studies (Kamel et al., 2007; Shrestha et ali; 2020b) assessed the association between dicamba
exposure and Parkiiison’s disease (PP}

o  Kamel et al. (2007)investigated thie association between pesticide exposure, including dicamba, and
PD in the AHS prospeetive cohotiat enrollment and phase 1 follow-up. The study population (n =
52,393) consisted of maleipesticide applicators and their spouses enrolled in the AHS living in Iowa
and North Carolina who completed both the enrollment (1993 — 1997) and follow-up (1999-2003)
questionnaires. Cases of PB included AHS study participants who self-reported a physician diagnosis
of PD at enrollment (prevalent PD — n = 83 cases), and at the 5-year follow-up (incident PD —n =78
cases) through 2003. Non-cases included AHS study participants who did not indicate PD at
enrollment (n = 79,557) or at follow-up (n = 55,931). Pesticide exposure was assessed for 50 different
pesticides including dicamba using self-administered questionnaires at study enrollment (1993 -
1997). Odds ratios and 95% Cls were calculated for the association between individual pesticides and

%7 Farming tasks that may result in airborne irritants (e.g., fumes, solvents, metals, and dusts) included repairing engines,
handling stored grain, replacing asbestos brakes, welding, painting, and working in swine confinement areas.
8 Correlated pesticides were not specified by authors.
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PD using a hierarchical regression model, adjusted for state, age, and type of participant (applicator or
spouse). Among the 78 incident cases of PD, 32 (47%) incident cases and 26 (35%) prevalent cases
reported exposure to dicamba based on ever use. No evidence of a significant positive association was
reported for dicamba exposure and incident PD (OR = 1.50; 95% CI: 0.80, 2.80; with n = 32 exposed
cases) and no evidence of a positive association was reported for dicamba exposure and prevalent PD
(OR =0.90; 95% CI: 0.50, 1.60; with n = 26 exposed cases), based on ever use of dicamba.

The quality of the study was ranked moderate based on the study quiaslity Criteria provided in the OPP
Framework. Although study strengths included the AHS study cghort, several study limitations were
noted, including the lack of clinical confirmation of self-reported PI) ¢ases and the potential for recall
bias. Recall bias is particularly important because the study‘ingluded prevalent PD cases that may
recall previous exposures differently than study subjectgiwithout PD. Study guthors also indicated that
for the prevalent cases of PD, the diagnosis date was;imknowh in"addition to'the duration of use for
pesticides, making it difficult to assess temporalityi{i.e. whether the disease preegded the outcome),
this information was known for incident cases jiithis study.

e In amore recent study of the AHS cohort, Shrestha et al¥(2020b) ¢onducted a prospective gtudyito
further investigate the association befiyeen pesticide use, ineluding dicamiba, and incident PI¥among
pesticide applicators and their spouses 1sithe AHS. As with theipgeyious study by Kamel efal. (2007),
the study population for this analysis (n = §2,393) male pesticide‘applicators and their spouses living
in Iowa and North Carolina, who completed the enrellment questionngize (1993 — 1999) and at least
one follow-up survey (Phase 2 -1999 — 2003, Phas¢'3- 2005 — 2010, Phaséd - 2013 — 2016) or the PD
validation screening questiennaire (2012 -2017), Cases of ifigident PD (n'% 481) included AHS study
participants who selfreported siphysician diagnasis of BI) onignie.of the follow-up questionnaires or
on the P> validation survey, physieal evaluation, medical records; orviadinkage to state death
registries and theé ' Natignal Death'Index. The investigators then exclugdéd prevalent cases of PD
wdentitied at em'olhnentéggg}‘ participants with inconsistent or insuffi¢ient information across follow-up __...--{ Commented [DM20]: Sentence messed up;
surveys. Pesticide expostitg #vas assessed using responsés to the enrollment questionnaires and the " f Commented [AN2IR20]: fixed
Phase,2 guestiontiaire to detepine everiise (applicators angispouses) and IWLD of use with ~
expistire categoryi¢utipoints atiertiles SFIWED.among applicators. Cox proportional hazards
regression was used to estimate HRS and 95% Cls for ithie potential association between pesticide
exposire and PD, adjusting for sex, staie.of residence; education, smoking status, and ever use of
correlatedipesticides™ (Spearman correlation > 0.40). Among the 66,110 participants (applicators and
spouses) tcladed in the analysig;:17,945 (31%¥non-cases and 161 (41.2%) cases reported dicamba
exposure. N& évidence of a positive association was reported for the association between ever use of
dicamba and PB ginong pesticidé applicators and spouses in the AHS (HR = 0.94; 95% CI: 0.72,
1.22; with n = 16Fgxposed cases). Similarly, the investigators reported no evidence of significant
positive association between IWLIY dicamba use and incident PD in any exposure category (based on
the exposure categories >0 <694, >694-<2,380, and >2,380) of IWLD of dicamba use (0.83 <HR
< 1.25; all 95% CIs encompassed the null value 1.0; with n =43 - 63 cases per exposure category; p-
trend = 0.13).

Overall, Shrestha et al. (2020b) was of moderate quality based on the study quality criteria outlined in
the OPP framework. The study expanded on the previous work of Kamel et al. (2007) and
prospectively assessed the relationship between pesticide exposure, including dicamba, and incident
cases of PD in the AHS cohort. Study strengths included the general design of the AHS, including its
prospective design and ability to assess pesticide use in well-characterized agricultural study

** The authors did not specify correlated pesticides.
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population in Iowa and North Carolina. The study was also able to follow-up on the AHS cohort
through 2016 and identified 372 incident PD cases, whereas the previous study by Kamel et al. (2007)
was limited to Phase 2 follow-up through 2005 and included only 72 incident PD cases. While the
study had several strengths, the study also had several limitations related to Phase 3 and Phase 4
follow-up of the AHS cohort. Most importantly, selection bias may be present in the study because
only 24,145 of the 52,394 applicators (46%) enrolled in the AHS cohort in 1993-1997 completed the
Phase 4 follow-up survey. This degree of loss-to-follow could introduce selection bias and makes it
difficult to assess the association between pesticide use and PD without additional information to
evaluate the potential direction and magnitude of bias based on charactggistics of study participants
that were lost to follow-up. An additional limitation is that no additignal iiformation on pesticide use
was collected during Phase 3 and Phase 4 of the AHS cohort. Follow-up during these phases covers a
13-year period of potential pesticide use, so this may have intrgdticed exposure misclassification if
subjects changed their pesticide use practices during that petigd. Finallyjias with Kamel et al. (2007),
the investigators ascertained incident PD) cases based onself-report by studyiparticipants or through
death records. This may introduce misclassification if there isidisagreement between self-report of
diagnosis and clinical exam by neurological specialists. The AHS investigatorsisuggest that self-
report of PD is reliable, based on previous worlgithit showed 84% agreement betweeiy self-report of
medical diagnosis and clinical confirmation (Tanneregal., 2011),%but it is unclear how potential
misclassification may impact the results reported by Shrestha et al, (2020b).

EP4 Conclusion

Overall, there is insufficient epidemiological evidércy atihis time to coriclide that there is a clear
associative or causal relationship between dicambia expeosuie.and PD. There swiere two studies available,
both evaluated agricultural study populations (Kanigl et al.,"2007; Shrestha et'al.,2620b). Kamel et al.
(2007) reported no evidesice ofig positive associationibetween'and was ranked moderate quality. Shrestha
et al. (2020) was parti¢ularly notable Because the studyipfovides more retentyprospective follow-up of
the AHS cohort threughi 2616 and inclgded 372 incident:PD cases. The study first examined ever-never
use of dicamba at enrollmentiand incident PD in the entiréAHS cohort and reported no evidence of a
significant positive association Betweert gver use of dicambi and incident PD and no evidence of a
positive agsberation dnd prevalent PDyShrestha et al. (2020) firther assessed cumulative, lifetime
dicambg ise among AHS applicatos and reported o evidence of a significant positive association
betwien dicamba use and'iziciident PDiniany expostireicategory of IWLD of dicamba use and no evidence
of a signifigant exposure-response relationship.

Respiratory Effects

Eleven studies (Hemneberger et al., 2614; Hoppin et al., 2002; Hoppin et al., 2006a; Hoppin et al., 2006b;
Hoppin et al., 2007; Hoppin et al., 2008: Hoppin et al., 2009; Hoppin et al., 2017; Slager et al., 2010;
Valcin et al., 2007; Weselakiet al., 2007) examined the association between dicamba exposure and
respiratory effects includingiasthmag ehronic bronchitis, rhinitis, and wheeze.

Asthma

Four studies (Weselak et al., 2007; Hoppin et al., 2008; Hoppin et al., 2009; Henneberger et al., 2014)
examined the association between dicamba exposure and asthma.

e Weselak et al. (2007) investigated the potential association between pesticide exposures including
dicamba among farm couples and respiratory effects and allergies in their offspring. The study
population was part of the Ontario Farm Family Health Study (OFFHS). Weselak et al. (2007)
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analyzed farm couple’s various exposures during pregnancy including pesticide exposure and
respiratory effects (asthma bronchitis, persistent cough or bronchitis) and hay fever or allergies. Three
questionnaires were mailed to participants, one for each the husband, wife, and the farm pesticide
applicator if different form either the husband or wife. Wives were asked to report a full reproductive
history of their first five pregnancies and their health outcome, as well as if a doctor had ever told
them that their child had any of the following health conditions: asthma, chronic bronchitis or cough,
and hayfever or allergies. For the exposure assessment, data on pesticide exposure from
questionnaires completed by the wife and the husband, in addition to a farm applicator if separate
from the husband or wife. Exposure questionnaires included questions;gbout exposure details
regarding pesticide applications, with the addition of a direct chemigal 4ctivities assessment. Logistic
regression was used to calculate ORs and corresponding 95% Clg for the assoéiation between
dicamba exposure and the mentioned health conditions, adjusting fér specific covariates within each
analysis. Dicamba models were adjusted for child’s age a time of questiopmnaire, father’s age at
conception, and income. Among the total number of offspiing € = 3,405)n:this study, 2,243
offspring had parental exposure to any pesticide durigiigestation and 282 wege iexposed to dicamba.
Among the 282 reported dicamba exposure duringsprégnancy, 10 reported asthma}:9 reported chronic
bronchitis or cough, and 19 reported hayfever ogiéllergies. For the analysis betweei dicamba
exposure during pregnancy and asthma in offspring, #ig evidence 6f a positive association was
reported for dicamba exposure during pregnancy and asthra amonie bffspring (compared to
pregnancies with no reported pesticide use during pregnaney j(QR = 0.70; 95%CI: 0.35, 1i40; with n
=10 exposed cases). When adjusted forghild’s age at time of'guestionnaire, a covariate thatwhen
added to the crude model changed the exposire OR by 10% or migre, no evidence of a positive
association was reported (OR = 0.82; 95% C1:0.39, 1.71; with n =) exposed cases).

Overall Weselak et al. (2007) was considered ‘moderateiguality based on the Frathework. Despite
being a population-based cohort study, exposuréignd outeome fiformation were both gathered
retrospectively by:gelf-report without any corroborgtion pesticideiuse:data or confirmation of outcome
by medical record absiraction. Singe dosing information was not pravided in this study, the degree of
exposure for each study subject wag tinknown and could have potentially led to misclassification.
Also, because several cotiples included within the studyiyere reporting on several past pesticide
exposwes and past pregnancies, and gssinming some pregiiangies led to poor outcomes (i.e.
abogtions), recallibias pould have occurred gndmltimately affected the woman’s behavior for future
pieenancies and couples’ memoryiofipesticide exposiitei Lastly, a small number of exposed cases
were phserved.

e The associgtigm between pesticide exposure, inetuding dicamba, and adult-onset asthma was
investigated by Hoppin et al. (2008) in a crggs-sectional analysis of female participants of the AHS
prospective cohort. The study population consisted of female participants enrolled in the AHS (n=
25,814) who completed study enrgliment questionnaires (1993 — 1997) that included questions on
pesticide usage and phiysizian’s diggnosis of asthma. Cases of self-reported physician-diagnosed
asthma as an adult (> 19%edrs@ld), were subdivided into atopic or nonatopic asthma based on self-
reported eczema and/or hay fever. Pesticide use information collected from the enrollment
questionnaires was used tosdetermine lifetime total years of pesticide use and frequency of pesticide
application. Polytomous logistic regression was used to calculate ORs and 95% ClIs for the
association between specific pesticides and asthma, adjusting for age, state, smoking status, BMI, and
whether the participant grew up on a farm. Among the 25,814 females included in the analysis, 702
reported adult-onset asthma (282 atopic asthma, 420 nonatopic asthma) and 25,112 participants
reported that they did not have asthma. Among the 282 atopic and 420 nonatopic asthma cases, 11
(4.0%) and 13 (3.0%) reported ever use of dicamba, respectively. And, among the 25,112 control
subjects, 1,014 (4.0%) reported ever use of dicamba. No evidence of a significant positive association
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was reported for dicamba exposure and atopic asthma among farm women, based on ever use (OR =
1.11: 95% CI: 0.60, 2.05; withn = 11 exposed cases) and no evidence of a positive association was
reported for nonatopic asthma, based on dicamba ever use (OR = 0.74; 95% CI: 0.42, 1.30; withn =
13 exposed cases).

The overall quality of the study was ranked low based on the study quality criteria provided in the
OPP Framework. The cross-sectional study design was a main limitation since temporality of
exposure in relation to the outcome could not be determined. Additionally, the study relied on self-
report of the outcome. We note a small number of exposed cases (n =gkl 13) for non-atopic and
atopic asthma.

e In a separate study on male farmers, Hoppin et al. (2009) inygstigated ilie association between
pesticide exposure including dicamba, and adult-onset asthméa among nialeiprivate pesticide
applicators using a cross-sectional analysis of data from the AHS prospective pohort. Cases included
male private pesticide applicators in the AHS, aged# 20 yearswho self-reportedphysician-
diagnosed asthma with onset after 19 years old o1 the self-administered questionniaires completed at
enrollment and shortly thereafter (1993-1997)."Cases were subdivided into atopic asthina (those
reporting history of physician-diagnosed hay fever or ¢¢zema) and nionatopic asthma (1ig history of
physician-diagnosed hay fever or eczema). Pesticide exposiiie (evepuse and IWLD of use} was
assessed using data collected on the etirpllment questionnairés; Polytomots logistic regressign was
used to calculate ORs and 95% Cls to evaliate the association befween pesticide exposureand adult-
onset asthma, adjusting for age, state of residerice, smoking, BMIj i high pesticide exposure events
(pesticide poisoning). Among the 19,704 priyvate pesticide applicatorsgicluded in this analysis, 441
reported asthma (n = 127 atopic asthma cases and n= 3 14 nonatopic asthing cases) and 19,263
reported no history of astlima, 71 (59%) of the'}27 atopie ssthma cases and 173 (61%) of the 314
nonatopic asthma cases repoited dicamba expostite. Among thosewho repgrted no history of asthma
(1 = 19,263), 9,607 {53%) repotiediexposure to dicgiba. No evidenceiafia significant positive
association was reporigd for atopic asthma based on'gyer/never dicamba use (OR = 1.19; 95% CIL:
0.78, 1.81; with n = 71"¢xposed cases). And, no evidetige of a significant positive association was
reported for.nonatopic asthing, based on ever/never dicamba use (OR = 1.28; 95% CI: 0.97, 1.69;
with 1= 173 exposed cases).

Trian bxposure-responseianalysis using the mediariasithe cut-point of dicamba intensity-adjusted
exposuigifo create two expeosilie categopies (1 — 166 days and > 166 days), evidence of a significant
positiveassaciation was repotted for the lowest exposure category for non-atopic asthma (OR = 1.41;
95% CI: 1.83,11.92; with n = 94 gxposed casesy and no evidence of a significant positive association
was reported fog the highest exposure category (OR = 1.21; 95% CI: 0.87, 1.68; with n = 77 exposed
cases) or evidence ¢f an exposure:fesponse trend (p-trend = 0.25). No evidence of a significant
positive association'was reported for either exposure category of atopic asthma (1.14 <OR < 1.29; all
95% Cls encompassedthénull value of 1.0; with n = 32 — 38 cases per exposure category; p-trend =
0.59). In an additional analy3is, controls with allergy (atopy) were excluded from the comparison
group to determine if the difference in the reported results for atopic and non-atopic asthma was due
to atopy alone. No evidence of a significant positive association was reported for dicamba exposure
and atopic and non-atopic asthma (atopic asthma — OR = 1.20; 95% CI: 0.79, 1.82; withn =71
exposed cases; nonatopic asthma — OR = 1.29; 95% CI: 0.98, 1.70; with n = 173 exposed cases) when
allergic individuals were removed from the control group. And, no evidence of a significant positive
association was reported for atopy alone (OR = 1.10; 95% CI: 0.98, 1.23; with n = 880 exposed
cases). Finally, to determine if the results were due to another co-morbid respiratory disease or
asthma, those with chronic bronchitis and farmer’s lung were excluded from the analysis. No
evidence of a significant positive association was reported for atopic asthma (OR = 1.07; 95% CI:
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0.64, 1.79; with n = 43 exposed cases) and for nonatopic asthma (OR = 1.13; 95% CI: 0.81, 1.59;
with n = 105 exposed cases).

The overall quality of the study was ranked low based on the study quality criteria provided in the
OPP Framework. The cross-sectional study design was a main limitation since temporality of
exposure in relation to the outcome could not be determined. Additionally, the study relied on self-
report of the outcome.

e Henneberger et al. (2014) investigated pesticide usage, includisigidicgmba and asthma exacerbation
among asthmatic pesticide applicators (commercial and privgte) enrolfedian the AHS. The study
population consisted of pesticide applicators living in Iows and:North Cazplina who completed both
enrollment questionnaires of the AHS study (1993 — 1947y and self-reported physician-diagnosed
active asthma.®® Cases included those participants yith active asthma who also téported exacerbation
of asthma on the enrollment questionnaire.”® Curferifi(used in the 12 months before énrollment) and
former (used in the past but not in the 12 months befgré.enrollment) pesticide exposursiwas assessed
for chlorothalonil using data from the self-administered giestionnaires completed at efitollment.
Logistic regression was used to calculate ORs and 95% Cli for the dssoeiation between dicgmba‘and
asthma exacerbation, adjusting for agéifyears), state of residénce, ‘ever smoked, allergic statiss, and
adult onset of asthma, in addition to separatedndicator variables for.current and past expostire.
Among the 926 pesticide applicators witlt getiveiasthma, 125 of the 202 participants with asthma
exacerbation reported dicamba exposure, and 438 ofithe 724 pesticide applicators without asthma
exacerbation reported exposure to dicamba. N evideéneeiaf a positive asgoeiation was reported
between dicamba exposiitéiand asthma exacerbition (OR - 1:00: 95% CL:.60; 1.60; with n =125
exposed cases).

The quality of the studyiwas ranked low based on theistudy quality cgiteria provided in the OPP
Framework. The cross-segtional study design was a migin limitation since temporality for exposure in
relation to:the.outcome couldinot be determined. Additionally, the study relied on self-report of the
outcgine!

EPA Copglusion

Overall, there.is insufficient epidemiologicalievidence at this time to conclude that there is a clear
associative ot tausal relationship between dicamba exposure and asthma. Four available AHS studies
(Weselak et al:i2007; Hoppin et'gl:; 2008; Hoppin et al., 2009; Henneberger et al., 2014) examined
the association betwelen dicamba exposure and asthma. Weselak et al. (2007) reported no evidence of
a positive associationiibsween expasure to dicamba during pregnancy and offspring with asthma
among the Ontario Farni Fgmily Health Study participants in Canada. The study was ranked moderate
quality and was limited by'{he retrospective approach to gathering information on both the outcome
and the exposure, the self-réported outcome without clinical confirmation, and potential for recall
bias. The three additional studies examined the association between dicamba exposure and asthma
among adults in the AHS prospective cohort in Iowa and North Carolina. Hoppin et al. (2008)
reported no evidence of a significant positive association between dicamba exposure and atopic
asthma among farm women, based on ever use and no evidence of a positive association for non-
atopic asthma, based on dicamba ever use. Hoppin et al. (2009) reported no evidence of a significant

% Active asthma was defined as “at least one episode of wheezing or whistling in the past 12 months™ and “having breathing
problems in the same time period.” (Henneberger et al., 2014)

°! Exacerbation of asthma was defined as a “‘self-reported visit to a hospital emergency room or doctor for an episode of
wheezing or whistling during the past 12 months.” (Hetneberger et al, 2014)
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positive association between ever use of dicamba and adult-onset atopic and non-atopic asthma
among male farmers in the AHS. And finally, Henneberger et al. (2014), evaluated asthma
exacerbation among asthmatic pesticide applicators in the AHS and reported no evidence of a positive
association between exacerbated asthma and current dicamba exposure. The quality of each of the
three AHS studies was ranked low due to the cross-sectional study design as temporality for exposure
in relation to the outcome could not be determined. Additionally, the studies relied on self-report of
the outcome.

Chronic bronchitis:

Three publications (Weselak et al., 2007; Hoppin et al., 2007; Valcigiet al,, 2007) examined the
association between dicamba exposure and chronic bronchitis.

s [Weselak ot al. (2007) investigated the potential associgtion Between pesticide bxposures including % Commented [JE22]: move to resiratory ffects section? ]
dicamba among farm couples and respiratory effects and allergies in their off$pring. The study
population was part of the Ontario Farm Family lealth Study (OFFHS). Weselakietial. (2007)
analyzed farm couple’s various exposures during pregiiancy incliding pesticide expostire and
respiratory effects (asthma bronchitis, persistent cougltiar bronchitig).and hay fever orallgrgies. Three
questionnaires were mailed to participants, one for each the husbaidiwife, and the farm pesticide
applicator if different form either the hiisband or wife. Wives were asked to report a full reproductive
history of their first five pregnancies andithieir health outcome, asiwell as if a doctor had ever told
them that their child had any of the followinig héalth conditions: asthitha, chronic bronchitis or cough,
and hayfever or allergies. For the exposure #ssessnient, data was pooledifrom questionnaires
completed by the wife and the husband, in addition t6:g farm applicatorif geparate from the husband
or wife. Exposure questiofifiaires reported on exposure defatlsiregarding pesficide applications, with
the addition of a digget chemigal activities assessipent,Jiogistic tegression was used to calculate ORs
and corresponding 95% Cls for'the association betwieen dicamba exposiire and the mentioned health
conditions, adjusting far specific ¢ovariates within eeh analysis. Dicamba models were adjusted for
Among the total number of offspring {n = 3,405) in thig;study, parental exposure to dicamba during
pregnangy:menth of conception upite.the month of delivery) was reported for 282 of the total 2,243
exposedioftspring snd of those exposed toidicamba, 10 repotted asthma, 9 reported chronic bronchitis
orough, and 19 repoited hayfeveror allergies: For the analysis that examined the associaiton
bebwien dicamba exposursiduring pregnancy and‘eliponic bronchitis or cough in offspring, no
evideneé.of a significant positive assoeiation was reported for dicamba exposure during pregnancy
and chregigbronchitis or couighamong offspring (compared to pregnancies with no reported pesticide
use during’prégnancy (Crude OR = 1.20; 95%(T: 0.52, 2.79; with n = 9 exposed cases). When
adjusted for child’s age at time of guestionnaire, fathers age at conception, and income, covariates
that when added‘ig the crude model changed the exposure OR by 10% or more, no evidence of a
significant positive agseciation was reported (OR = 1.66; 95% CI: 0.58, 4.80; with n=19 exposed
cases).

Overall Weselak et al. (2007} was considered moderate quality based on the Framework. Despite
being a population-based ¢ohort study, exposure and outcome information were both gathered
retrospectively by self-report without any corroboration pesticide use data or confirmation of outcome
by medical record abstraction. Since dosing information was not provided in this study, the degree of
exposure for each study subject was unknown and could have potentially led to misclassification.
Also, because several couples included within the study were reporting on several past pesticide
exposures and past pregnancies, and assuming some pregnancies led to poor outcomes (i.e.
abortions), recall bias could have occurred and ultimately affected the woman’s behavior for future
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pregnancies and couples” memory of pesticide exposure. Lastly, a small number of exposed cases
were observed.

e Hoppin et al. (2007) evaluated the potential association between exposure to pesticides including
chlorothalonil and chronic bronchitis among pesticide applicators in a ¢ross-sectional analysis of the
AHS prospective cohort. The study population (n = 20,908) included inale.pesticide applicators
enrolled in the AHS cohort living in Jowa or North Carolina who gompleted*both the enrollment
questionnaire and the mailed questionnaire shortly after enrollment {1993 — 1997). Prevalent cases
included private pesticide applicators (males only) who selfzzaportedia physician diagnosis of chronic
bronchitis at > 19 years of age on the mailed questionnaire conipleted shortly after enrollment.
Pesticide exposure was assessed using responses collegtedion the enrollmeént questionnaire. Base
logistic regression was used to calculate ORs and 95%'Cls to €stimate the assogiation between
chlorothalonil ever/never exposure and chronic bgenchitis, adjusting for state of residence, age,
gender, and pack years smoking. Among the 654 cases.and 20,254 non-cases includegdiin the analysis,
48% of cases (n =~313 - 314) and 53% of non-cases (110,734, 10,735) reportedexposure to
dicamba. No evidence of a positive association was reported between'dicamba exposure 4idichrbnic
bronchitis among male pesticide appligators (OR = 1.00; 95% €1;:0.83, I'21; withn =~313:314
exposed cases and n =~10,734 - 10,73%exposed non-cases).

The overall quality of the study was rankedilowibaged on the study Guality criteria provided in the
OPP Framework. The cross-sectional study désign wis . main limitation gince temporality for
exposure in relation to theroutcome could not be determiniedi Additionally; theitudy relied on self-
report of the outcomg.

e In aseparate study, Viglein et al. (2007) investigated Gccupational risktactors for chronic bronchitis,
including exposure to digamba and gther pesticides, aniong women by conducting a cross-sectional
analysis.ofithe: AHS prospegtive cohort, The 21,541 study participants included non-smoking female
spousésiof pesticidéapplicators enrotled inithe AHS who'¢amipleted the spouse questionnaire shortly
after enrollment (1993 2:2000). Gases of pliysigigiidiagnased chronic bronchitis when >20 years old
were self-reported by pamtigipants o1 ithe spouse quegtionnaire completed shortly after enrollment. In
additionito health outcome intformation; the self-administered spouse questiormaire also included
detailediinformation on pesticide exposutesiand potential confounders. Logistic regression was used
to calculateilIRs and 95% Cls forlifetime diys of exposure to specific pesticides, including dicamba,
adjusting for'ageiand state of residence andifurther adjusted for additional variables within each
chemical class. Gf the 583 cases, 8% (n ~ 29 - 30) reported chlorothalonil exposure, while 4% (n =
~838 - 839) of the 24,958 controlgreported exposure. No evidence of a significant positive
association was reported between dicamba and chronic bronchitis (OR = 1.39; 95% CI: 0.92, 2.10;
with n = 29 - 30 exposedi¢gses)i When the model was further adjusted to account for exposure to
other herbicides® in addition to age and state of residence, the magnitude of the non-significant
association was attenuated{OR = 1.12; 95% CI: 0.64, 1.95; with n = 29 - 30 exposed cases) when
adjusted for age, state of residence, and exposure to other herbicides.

The overall quality of the study was ranked low based on the study quality criteria provided in the
OPP Framework. The cross-sectional study design was a main limitation since temporality for

%2 The authors did not explicitly state which pesticides but said, “After adjusting for the all pesticides in their respective groups,
some associations were attenuated.”
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exposure in relation to the outcome could not be determined. Additionally, the study relied on self-
report of the outcome.

EP4 Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there 1s a clear
associative or causal relationship between dicamba exposure and chronic bronchitis. Three publications
(Weselak et al., 2007; Hoppin et al., 2007; Valcin et al., 2007) examined the association between dicamba
exposure and chronic bronchitis among agricultural populations. Weselalgiet al, (2007) reported no
evidence of a significant positive association between dicamba exposuzé during pregnancy and chronic
bronchitis in offspring in the Ontario Farm Family Health Study in @anada. The study was ranked
moderate quality and was limited by the retrospective approach used to gailier both exposure and outcome
information. The two remaining studies were conducted among thie AHS progpective cohort. Hoppin et al.
(2007) reported no evidence of a significant positive associgiioi betveen dicanibi exposure and chronic
bronchitis among male pesticide applicators in the AHS Based onéver use. Valeiighal. (2007) reported
no evidence of a significant positive association betwden chronic bronchitis and dicamba in their analysis
of female spouses of AHS pesticide applicators. Both Heppin et al. (2007) and Valcin et al, (2007) used
cross-sectional study designs. As such, the studies were unghle to assess the temporal assogigition between
dicamba exposure and chronic bronchitis and were of low quality based oirthe study quality‘eriteria
outlined in the OPP framework.

Rhinitis
One AHS study (Slager et al., 2010} examined theiassociation:between dicamba.expesure and rhinitis.

Slager et al. (2009) investigated'the sssociation between exposurety pesticidesjincluding dicamba, and
current rhinitis through & cross-sectionil analysis of thei¢ommercial pesticide applicators in the AHS
prospective cohort."A total if 2,245 comimercial pesticideiapplicators framlowa completed the self-
administered questionnaire*dt enrollmens {1993 — 1997) ang 46% of those completed the self-
administered.mail-in questionnaiie shortly.after enrollment. {The outcome of current rhinitis (a stuffy,
runny, ordtehynose inthe past 12imionthsyalone with additiondlimedical history was reported on the
questightiaire administeted shortly after enrollivient. Pesticideéxposure, ever use and lifetime exposure,
wagidssegsed using responses from bothithe enrollmentijuestionnaire and the mail-in questionnaire
completed shortly after. Logistic tegressiottinodels were used to calculate ORs and 95% Cls to analyze
the association between ever use:gl dicamba aiid:current rhinitis, adjusting for age, education, and
growing up ona farm. Of the 1,664 ¢uses of rhinitis reported in the study group, 568 (35%) reported
exposure to dicarnbaiand, among the 881 respondents who reported no current rhinitis, 165 (29%)
reported exposure to'dicamba. No evidence of a significant positive association was reported between
exposure to dicamba and grrent rhinigis based on ever use (OR = 1.18; 95% CI: 0.95, 1.47). The
investigators examined theé gxposure-response relationship by assessing the following exposure
categories: 1-4 days per year;i5:9.days per year, and 10-19 days per year, 20-39 days per year, 40-59 days
per year, and >60 days per year, Mo evidence of significant positive exposure was reported for any
exposure category and no evidénce of an exposure-response relationship (1.03 <OR < 1.66; all 95% Cls
encompassed the null value 1.0; with n = 49 - 150 cases per exposure category; p-trend = $.189).

The quality of the study was ranked low based on the OPP Framework. While the study benefited from
the strength of the AHS exposure assessment, the cross-sectional study design was a main limitation since

temporality for exposure in relation to the outcome could not be determined. Additionally, the study
relied on self-report of the outcome.
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FEPA Conclusion

Overall, there is insufficient epidemiological evidence at this time to conclude that there 1s a clear
associative or causal relationship between dicamba exposure and rhinitis. One available study (Slager et
al., 2010) examined rhinitis among commercial pesticide applicators in the AHS and reported no evidence
of a significant positive association based on ever use and on lifetime days of use and no evidence of an
exposure-response. The overall quality of the study was ranked low due to the cross-sectional study
design since temporality for exposure in relation to the outcome could not be determined. Additionally,
the study relied on self-report of the outcome.

Wheeze

Four AHS studies (Hoppin et al., 2002; Hoppin et al., 2006a; Hoppin et al.,;20006b; Hoppin et al., 2017)
examined the association between dicamba exposure and whegize.

e Hoppin et al. (2002) evaluated the association befieen exposure to pesticides, ineluding dicamba, and
the prevalence of wheeze among pesticide applicators in a cross-$ectional analysis ofithe AHS
prospective cohort. The study population consisted of 20,468 pesticide applicators living in Iowa and
North Carolina enrolled in the AHS, who completed both {hé.enygilineit questionnaires (1993
1997). Wheeze in the past year and pegticide exposure were sélfireportedion the self-administered
questionnaires completed at enrollment'and shortly following enrolment. Logistic regression was
used to estimate the association between dicaniba ever use and wheeze in the past year, adjusting for
age, state, past smoking, current smoking, #id asthma/atopy. Of the 20,468 participants included in
the analysis (3,838 reported wheeze and 16,63¢) reportedino wheeze) 30:8%s(n = ~1,182 — 1,183) of
those with wheeze reportéd exposure to dicambg and 32.3% (0.~ 5,371 — 5;372) of those who
reported no wheeze #lso reported.exposure to dicgmbag,No evidence of a significant positive
association betwgtnidicamba exposure and wheeze apiong pesticide applicators (OR = 1.06; 95% CI:
0.75, 1.16) based otteyier use in the past year. Furtheés, the authors reéported no evidence of a linear
(monotonic) trend across gategories based on five ordinal categories of exposure (p-trend = 0.22).

The quality ofithe study was'rarked low Based on the studyiguality criteria outlined in the OPP
framework. Hoppittiet k. (20023 pelied on'dictoss-sectional design that assessed the relationship
Between prevalent cases pfiwheeze g pesticide’exposure. As such, the study was unable to assess
temporl association between:DDVP exposure and wheeze.

e In aseparate AHS study, Hoppin et al. (20068) mvestigated the association between pesticides
including chlozgthalonil, and the prevalence of wheeze using a cross-sectional analysis of the AHS
prospective cohott. Study participaits included private pesticide applicators (n = 17,920) and
commercial pesticide gpplicators {ni= 2,255) enrolled in the AHS between 1993 — 1997. Cases of
wheeze were defined as pagticipgnts who reported episodes of wheezing or whistling in the chest in
the year before study enrollniént were self-reported on the enrollment questionnaire. Pesticide
exposure (ever use in the yeéar before enrollment) was reported on the enrollment questionnaire.
Among the total study participants, 19% of the 17,920 private applicators and 22% of the 2,255
commercial applicator study participants reported wheeze in the past year. Among private applicators,
46%, 32%, and 22% reported never, former, or current use of dicamba, and among commercial
applicators, 40%, 26%, and 34% reported never, former, or current use of dicamba, respectively.
Logistic regression was used to estimate ORs and 95%Cls for the association between dicamba and
wheeze, adjusted for age, BMI, smoking, asthma/atopy, and previous use of pesticides. State of
residence was also included as a potential confounder in the analyses for farmer applicators only;
commercial applicator participants resided only in Iowa. Chlorimuron-ethyl adjustment was included

Page 114 0of 194

CBD v. EPA (1:21-cv-00681-CJN)

ED_005427A_00024610-00114



in models for commercial applicators. No evidence of a significant positive association was reported
between current dicamba use and wheeze among private pesticide applicators (OR = 1.05; 95% CI:
0.93, 1.18) and no evidence of a positive association was reported among commercial applicators (OR
=0.78; 95% CI: 0.58, 1.07). Additional numeric details for commercial applicators were described in
a separate publication (Hoppin et al., 2006b).

The quality of the study was ranked low based on the study quality criteria outlined in the OPP
framework. Hoppin et al. (2006a) relied on a cross-sectional design that assessed the relationship
between prevalent cases of wheeze and pesticide exposure. As such, the study was unable to assess
the temporal association between dicamba exposure and wheeze.

e The results for commercial applicators are described in morg detail i anzadditional AHS study,
Hoppin et al. (2006b). Among the 486 commercial appligators that reported. wheeze in the past year,
190 (40%) reported never use, 123 (26%) former use, gnd#67 (35%) reportedicurrent use of dicamba.
No evidence of a significant positive association wai reported Tor current use’of dicamba and wheeze
in the past year (OR = 1.11; 95% CI: 0.86, 1.43; with n = 167 exposed cases andit} ,569 exposed
non-cases).

The study was determined to be of low quality based on the §tudy girality criteria outlinediin 118 OPP
framework. Hoppin et al. (2006b) reliedion a cross-sectional’design that assessed the relatiguship
between prevalent cases of wheeze and pestigide exposure. As sygl, the study was unable to assess
temporal association between dicamba expgsiteiand wheeze.

e Hoppin et al. (2017) investigated the associatitn between pesticide exposureiineluding dicamba, and
allergic and non-allergic'wheeze among male private pegiicide applicators through a cross-sectional
analysis of the AHS prospectivie cohort. The study papulation (Ne225134) Consisted of male private
pesticide applicgtors seho completedithe AHS enroliment (1993 - 1997y and follow-up questionnaires
(2005 - 2010) (n = 22134) and reported symptoms ofiwheeze. Wheeze was defined as at least one
episode of wheeze or whistling in the chest in the past year with a physician-diagnosis of hay fever
for allevisic wheeze, or as at'ledst onk episade of wheeze ‘o whistling in the chest in the past year
withiut a diagiosis ofihay fever for noti“aliergie wheeze. Controls were participants without wheeze
butcould have had allergy. as authors reported tiigy Wwergiinterested in allergy as a modifier of wheeze
not'as n outcome. Pesticideiexposure data reported‘at'enrollment and follow-up was used to create
three difiitions for expostizgigurrent use fsince the last AHS interview), past use (not used since the
last AHS miterview), and never use of dicambasAdditionally, frequency and duration of use
informationavas,captured for a'sibset of pesticides. Polytomous logistic regression was used to
determine the assogiation between wheeze ‘and dicamba exposure, and allergic and non-allergic
wheeze were investigated separately. Models were adjusted for age, BMI, state, smoking, and current
asthma, as well as fordays spent applying pesticides and days driving diesel tractors. Among the
1,310 allergic wheeze Cases, 1 3% reported current use of dicamba, and among the 3,939 non-allergic
wheeze cases, 15% reported current use of dicamba. Of the 16,885 control subjects, 12% reported
current use of dicamba. Evidence of a positive association was reported between current dicamba use
and allereic wheeze (OR = 1.26; 95% CL: 1 04, 1 58 withn = ~170 - 171 exposed cases) and non-
allergic wheeze (OR = 1.29: 95% CL L.14, 1.45; with n = ~590 - 560 exposed cases).

A further analysis considered the association between cumulative days of use of dicamba since the
last AHS interview and allergic and non-allergic wheeze among male private applicators. Authors
divided the distribution of current users of dicamba into the following exposure categories based on
frequency of current use: 1-2 days, 3-5 days, 6-7 days, 8-10 days, 11-110 days of dicamba use in the
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past year. Never use served as the referent category for the analysis. In the exposure-response
analysis for allergic wheeze, evidence of a significant positive association was reported for the
highest exposure category of dicamba current use, and current wheeze (OR = 2.00; 95% CL 127,
3.1eswithn=-~26 - 27 exposed cases). No evidence of a significant positive association was reported
for any other exposure category of dicamba and allergic wheeze (1.09 < OR < 1.30; all 95% CIs
encompassed the null value of 1.0; with n = ~13 - 66 cases per exposure category). For non-allergic
wheeze evidence of a significant positive association was reported in the lowest four exposure
categortes: 1-2 days, 3-5 days. 6-7 days, 8-10 days (1.11 < OR < 1.44; all 95% Cls encompassed the
null value 1.0; with n = 78 - 237 cases per exposure category). No evideénce of a significant positive
association was reported in the highest exposure category of 11-11Q:days ofuse of dicamba in the last
year (OR = 1.35; 95% CI: 0.99, 1.85; with n = ~39-40 exposed cgses). The authors did not report a p-
trend statistic for the exposure-response analysis for either allgggic ap son-allergic wheeze and
dicamba; however, inspection of the ORs associated with edeli categoryisiggests an exposure-
response trend may not exist for either allergic or non-alfergic wheeze.

The quality of the study was ranked low based on:the study quality criteria outlitied.in the OPP
framework. Hoppin et al. (2017) relied on a cre$s=sgctional design that assessed the relationship
between current wheeze and pesticide exposure. As stghiy the studyiwas unable to asseggithe temporal
association between dicamba exposure and wheeze.

FEPA Conclusion

Overall, there is insufficient epidemiological evidence atthis time to conelide that there is a clear
associative or causal relationship between dicamba expostiteéiand wheeze. FouriAHS studies (Hoppin et
al., 2002; Hoppin et al., 20864 Hoppin et al., 2006b; and Hoppiniet al., 2017 exgimined the association
between dicamba expogpize and wiiseze in the AHS prospegtive cobiortistudy population. Hoppin et al.
(2002), reported no evidence of a significant positive aggoéiation betwég digamba exposure and wheeze
among pesticide applicatory, based ortéver use. Hoppin ¢t al. (2006a) repotted no evidence of a
significant positive associatigrbetween ¢iurent dicamba use and wheeze for farmer (private) applicators,
based on everusewithin the yearbefore enrollment. Hoppiniet al. (2006b), reported no evidence of a
significant positivg gssoeiation between curfent. dicamba use apdiwheeze among commercial applicators,
based gii ever use. In a‘fourth study onithe AHS thit included s cross-sectional analysis of dicamba
expgsureiin the past year and wheeze it tlie past yearusing the responses from the 2005-2010 follow-up
survey rathiey than from enrollmesit, Hoppin e al. (2017) reported evidence of a significant association
between dicamba exposure in the past year ang non-allergic wheeze in the past year based on ever use.
And, evidenceipf a significant positive association in the three lowest exposure categories of nonallergic
wheeze in the expsiire-response analysis. No evidence of a significant positive association was reported
in the highest expostiggicategory. Forigllergic wheeze, no evidence of a significant positive association
was reported between digamba and wheeze based on ever use and evidence of a positive association was
reported in the highest expasiire categary of dicamba use in the past year in the exposure-response
analysis. The authors did not'report 8 p-trend statistic for the exposure-response analysis for either allergic
or non-allergic wheeze and dicamiba; however, inspection of the ORs associated with each category
suggests an exposure-responseitrend may not exist for either allergic or non-allergic wheeze. All four
studies were ranked low quality, as they relied on a cross-sectional design that was unable to assess the
temporality of the relationship between cases of pesticide exposure and wheeze. Additionally, health
outcomes were self-reported.

Page 116 0of 194

CBD v. EPA (1:21-cv-00681-CJN) ED_005427A_00024610-00116



Sleep Apnea

The association between chlorothalonil exposure and sleep apnea was evaluated in one publication
(Baumert et al., 2018).

Baumert et al. (2018) evaluated the association between dicamba exposure and sleep apnea in male
pesticide applicators using data from the Agricultural Lung Health Study (ALHS), a case-control study of
current asthma nested within the AHS cohort. ALHS participants were identified via an AHS follow-up
telephone interview (2005 — 2010) and enrolled into the ALHS between 2009.and 2013. Cases of sleep
apnea included male pesticide applicators who self-reported physician-digenosed, sleep apnea with
treatment on the ALHS computer-assisted telephone survey. The nog-¢ases were randomly selected from
the AHS cohort and included study participants who did not self-geport physician-diagnosed sleep apnea.
AHS exposure questionnaires completed at errollment (1993 — 1997) and 4t 3:year and 10-year follow-up
time points (1999 — 2003, 2005 — 2010) were used to assesg:éver use of dicambiLogistic regression was
used to evaluate the association between dicamba ever ugéidnd sléep dpnea, adjustinig for state, age, BMI,
history of diabetes, asthma, hypertension, and cardiovascular disease. Among the mulgipesticide
applicators participating in the study, 1,375 (58.5%j) ot the. 234 sleep.apnea cases and 735:(55.1%) of the
1,335 non-cases reported exposure to dicamba. No evidetieeiof a significant positive asso¢igtion was
reported between dicamba exposure and sleep apnea based on gyver/never use (OR = 1.08; 95% €1: 0.76,
1.68).

The quality of the study was ranked moderate based on the study quality;criteria provided in the OPP
Framework. Authors reported that the response gate faor.enrollment into'the: ALHS nested case-control
study was 50% and this possibly could have introduced gelection if there weré.differences between those
that responded and those that did not. This information was niotiavailable as sleep aptiea was not asked
about on the earlier questiitnaire. Additionally, cases of slegpapnda.with treatment were self-reported
allowing the potential for misclassification of the out¢ome. The outcomeassessSment would have been
strengthened with niedicalirecord confipmation.

EPA4 Conclusion

Overalli there is no epideminlogical évidence atithigtime to coniclude that there is a clear associative or
caugsl relationship betweendicamba exposure and sleep apnea. One study (Baumert et al., 2018)
examined thie association between dicamby ¢xposure and sleep apnea among male pesticide applicators
enrolled in‘the AHS and reported ng.evidence gf a significant positive association, based on ever use of
dicamba. The'guility of the study was ranked'muoderate. As part of the AHS, this study benefited from
the strengths of the AHS study cohotf including the prospective cohort study design. This was a
potential study limitation as the numbesiof incident stroke cases may have been underreported.

Stroke

The association between dicamba exposure and stroke was evaluated in one publication (Rinsky et al.,
2013) described below.

Rinsky et al. (2013) examined the association between pesticide exposure, including dicamba, and the
risk of stroke mortality among AHS prospective cohort participants. The study population consisted of
male pesticide applicators (n = 51,603) enrolled in the AHS living in Iowa and North Carolina. Cases of
stroke mortality included AHS study participants who died from a stroke between study enrollment (1993
—1997) through December 31, 2008, and vital status of each case was ascertained using state death
certificates. The non-cases included AHS study participants who did not suffer from stroke mortality.
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Pesticide exposure was assessed for 50 different pesticides, including dicamba, using self-administered
questionnaires completed at study enrollment. Of the 308 study participants who experienced a fatal
stroke, 89 (33%) reported exposure to dicamba; and of the 51,295 controls, 24,932 (51) reported dicamba
exposure. HRs and 95% Cls were calculated using Cox proportional hazards analysis, adjusting for
smoking status, alcohol intake, and state of residence. No evidence of a positive association was reported
between dicamba exposure and stroke mortality (HR = 0.90; 95% CI: 0.68, 1.21) based on ever/never use.

The quality of the study was ranked moderate based on the study quality criteria provided in the OPP
Framework. As part of the AHS, this study benefited from the strengths ofthe AHS study cohort
including the prospective cohort study design and case ascertainment. Adthoughithe study investigated
stroke mortality, details regarding stroke morbidity were not provided. ‘Fhis was a’potential study
limitation as the number of incident stroke cases may have been ugderreported.

EP4 Conclusion

Overall, there is no epidemiological evidence at this tifné to conclude that there is a'¢lebr associative or
causal relationship between dicamba exposure and-$troke:One study«(Rinsky et al., 2013 }iexamined the
association between dicamba exposure and stroke among'mile pesticidg applicators enrollediin the AHS
and reported no evidence of a positive association between dicamba exposure and stroke mottality, Fhe
quality of the study was ranked moderatei:As part of the AHS, thig:study berfefited from the strengths of
the AHS study cohort including the prospeetive cohort study desigti dnd case ascertainment. Afthough the
study investigated stroke mortality, details régarding stroke morbidityiwere not provided. This was a
potential study limitation as the number of incident stitke cases may have been underreported.

Suicide
One study (Beard et gl 2011) evaluated the potential rélationship between dicamba exposure and suicide.

Beard et al. (2011) evaluated the potentigl association betwieen pesticide exposure including dicamba and
suicide among:pesticide applicgtirs and their spouses in the?AHS prospective cohort. Cases of suicide that
occurred giterenroliment (1993-1997) thronehiMay 2009 wereidentified by linking the AHS cohort to
state mortality files and#he National Peath Index: Pésticide exposure was assessed via a self-administered
quegtiohtiaire at enrollmenti Cax proporiibnal hazardsmodels were used to analyze the association
between'dicamba ever exposuteand suiciderisk to calculate HRs and 95% Cls, adjusting for age at
enrollment,“sex; number of childien; frequenéy of alcohol consumption within the past year, and smoking.
Among the study population (n = 81,998), 26,363 reported exposure to dicamba. Among the 110 cases of
suicide that occurtedibetween enrolltnent (fromi1993 to 1997) and May 2009, 33 cases reported ever
exposure to dicambai No evidence ofigi positive association was reported between dicamba exposure and
suicide (HR = 0.63; 95% ¢1: 0.41, 0.9} based on ever/never use. A further analysis considered
cumulative lifetime days of jise of digamba and the risk of suicide among applicators with the specific cut
points around median lifetinie diys of use for dicamba at < 39 days and > 39 days. No evidence of a
positive association was reported for dicamba exposure at either exposure level (<39 days of use — HR:
0.49; 95% CI: 0.27, 0.88; with:t = 14 cases; > 39 days of use — HR: 0.67; 95% CL: 0.37, 1.19 with n = 15
cases; p-trend = 0.24).

The quality of the study was ranked moderate based on the study quality criteria provided in the OPP
Framework. Study strengths include the prospective design of AHS and the detailed exposure assessment

approach. The study was also able to identify suicide cases using the National Death Index. This approach
may be comprehensive for suicide cases resulting in mortality but provides incomplete characterization of
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suicidal behavior because cases of suicide attempt and ideation cannot be identified using the National
Death Index.

EP4 Conclusion

Overall, there is no epidemiological evidence at this time to conclude that there 1s a clear associative or
causal relationship between dicamba exposure and suicide. One AHS study (Beard et al., 2011) examined
the association between dicamba exposure and suicide and reported no evidence of a positive association
among pesticide applicators. The quality of the study was ranked moderatg based on the study quality
criteria provided in the OPP Framework. Study strengths included the prospective design of the AHS and
the AHS detailed exposure assessment approach. The study was alsgiable.to identify suicide cases using
the National Death Index. This approach may be comprehensive forsuicudeicases resulting in mortality
but provides incomplete characterization of suicidal behavior becaiise casesigiispicide attempt and
ideation cannot be identified using the National Death Index.

Thyroid disease

Six studies (Goldner et al., 2010. Goldner et al., 2013; Shrégilia et al., 2018b; Shrestha et alij2018c;
Shrestha et al., 2019; Lerro et al., 2018) investigated the association of dicdmba exposure andithiyroid
disease including hyperthyroid disease, hygothyroid disease, andigther thyroid disease.

Hyperthyroid disease

Three studies (Goldner et al,, 2010; Shrestha et ali;2018b;5hrestha et al., 2019} investigated the
association between dicamba expasure and hyperthyroid dis¢use,

e Goldner et al. (2010} eyaluated the association between prevalent thyreid disease and dicamba and
from the AHS prospectivé gghort. The study population included all female spouses of male private
applicaiors who completed batlthe enrollment questionngiresén pesticide exposure (1993 — 1997)
angithe follow-uptelephone interview collectivie information on history of thyroid disease (1999 —
2003), and had completg data on all coyariates. Cases of physician-diagnosed thyroid disease were
ascertained through self-repart duringifollow-up interviews (1999 — 2003) and were further classified
into thrée subgroups: hypothyroidism, hypérthyroidism, and other thyroid disease. Pesticide exposure
among fenmale spouses of malé private applicatérs was reported through the Spouse Enrollment
Questionnaite given at enrollment {1993 — 1997) and included direct pesticide exposure (ever use of
dicamba), but neof iidirect pesticide exposure of the spouse (husband’s use of the pesticide).
Polytomous logisti¢ régression was used to analyze the association between ever use of dicamba and
the occurrence of thyraididisease; adjusting for BMI, age at enrollment, smoking status, hormone
replacement therapy (eveyieveih'and education. Among the 2,043 total cases of thyroid disease
reported among female spouses, there were 17 (4.6%) hyperthyroid cases, 27 (2.4%) hypothyroid
cases, and 19 (3.40%) ‘othe¢r” thyroid cases reported ever use of dicamba. No evidence of a significant
positive association was reported for the association between dicamba exposure (ever use) and
hyperthyroid disease among female spouses of pesticide applicators (OR = 1.30; 95% CI: 0.79, 2.10;
with n = 17 exposed cases).

The study quality was ranked low based on the study quality criteria provided in the OPP Framework.
Authors were not able to analyze incident cases separately from prevalent cases due to the way the
data were collected. The cross-sectional study design was a limitation since temporality for exposure
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in relation to the outcome could not be determined. Reliance on self-report of the outcome without
clinical confirmation was another limitation. Additionally, the investigators were only able to assess
ever/never exposure and did not have more detailed exposure information to assess cumulative
dicamba exposure.

e Shrestha et al. (2018b) evaluated the association between exposures to pesticides including dicamba
and incident thyroid disease. The study population consisted of female spouses of pesticide
applicators enrolled in the AHS, an ongoing, prospective cohort study. Hyperthyroid and hypothyroid
disease status was ascertained through self-report during follow-up interviews during Phase IT (1999 —
2003), Phase ITI (2005 — 2010) and Phase IV (2013 — 2016) of the study. Vialidation of self-reported
cases of hyperthyroid and hypothyroid disease was carried out ugingimedical record data; however,
study authors reported that for hyperthyroid disease, only 32% of the study participants who self-
reported hyperthyroid disease confirmed their diagnosis usingnedical tg¢hrd confirmation and
thyroid disease. Pesticide exposure was reported through self-administered guestionnaires at
enrollment (1993 — 1997). The Cox proportional hazards modél, was used to ealénlate separate HRs
for hypothyroid and hyperthyroid disease, controllinig for smoking, education, and state and then all
mentioned with correlated pesticides. Authors gestrictid their analysis to exposuresiwith at least 10
thyroid disease cases in each exposure category for allibit stricter ¢ase analysis for whigh at least 5
exposed cases in each exposure category were required. Eorthis analysis, the study population
included 24,092 AHS female spousesyAuthors used multiple fimpitationwith fully conditionat
specification method to impute missing ¢tvariates for 1,273 spguses missing information ent smoking
status and 3,106 on education. Authors created:five imputed datasets, performed regression analysis
in each dataset, and obtained the pooled parameter estimates. For hypetthyroid disease, no evidence
of a significant positive association was reparted for dicamba exposure{HR: 1.35; 95% CI: 0.91, 1.99
with n = 27 exposed cages, 477 unexposed cases) based'on ever use. Whett ¢orrélated pesticides were
adjusted for in additign to'stateieducation and simokinggno evidence of a significant positive
association was repoited (HR: 1 95% CI: 0.66,11.:86 with n =27 expesed cases, 477 unexposed
cases). An additional analysis that only included thyteid cases as defined by receipt of treatment in
AHS spouses, reporteding evidence of a significant positive association between dicamba exposure
and hyperthyroid disease'(HR: 1.40595% CI: 0.91, 2.17with n = 22 exposed cases, 368 unexposed
cases)and finally, an additionial analysisithat only included thyroid cases as defined by those
confirmed by medigal records or walidation guéstionnaire, reported no evidence of a significant
positive association befween dicambi exposure'and hyperthyroid disease female spouses of pesticide
applicators (HR: 1.44: 95% €1: 0.78;2.67 with n = I Fexposed cases, 175 unexposed cases).

The study quality was ranked muiderate basgd on the study quality criteria provided in the OPP
Framework. Btiidy strengths inchided the prospective cohort design, and the extensive methods used
to obtain expostite information for several pesticides including dicamba. Study limitations included
self-reported outcome by the study participants and potential selection bias. Since thyroid disease
was self-reported in thig §tudy (only 32% of the self-reported cases were ascertained via medical
records), it was likely some ioasies misclassified their thyroid disease status and subtype. Potential
selection bias was likely if'siudy subject participation in the follow-up phases was related to their
disease status for hyperthyroidism. Additional study details regarding frequency and duration of
pesticide use for dicamba would have been useful but were not provided.

e Shrestha et al. (2019) evaluated the association between incident hyperthyroid disease and exposures
to pesticides including dicamba. The study population consisted of private pesticide applicators
enrolled in the AHS, an ongoing, prospective cohort study. Pesticide exposure was reported through
self-administered questionnaires at enrollment (1993 — 1997), and hyperthyroid disease status was
ascertained through self-report during follow-up interviews during Phase I (1999 — 2003), Phase III
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(2005 — 2010) and Phase TV (2013 — 2016) of the study. Cases of hyperthyroid disease were validated
using medical record data or two validation questionnaires. Validation by medical records was
accomplished among only 32% of self-reported cases. The Cox proportional hazards model was used
to calculate HRs for hyperthyroid disease, adjusting for smoking, education, state, and sex. Authors
restricted their analysis to exposures with at least 10 thyroid disease cases in each exposure category
in the overall analysis, but for the stricter case analysis,” at least 5 exposed cases in each exposure
category were required due to the limited sample size. No evidence of & positive association between
dicamba and hyperthyroidism among private applicators was reportediin théigverall analysis (n =
35,150) (HR: 0.74; 95% CI: 0.55,1.00), with n = 100 exposed cases): Authors did not report results
for the analysis with the stricter case definition. An additiongl sub-analysis that investigated the
association between dicamba exposure (based on ever/neyer use) and hyperthyroid risk among private
applicators when females were excluded (n = 34,375) faund.no'gvidence 6f aipositive association
(HR: 0.76; 95% CI: 0.56, 1.03, with n = 98 exposed £ases). Initan additional analysis that adjusted for
correlated pesticides (Spearman correlation coeffigient > 0.40), no evidence of aipgsitive association
was reported for dicamba and hyperthyroid dis¢ase when additionally adjusted forthe correlated
pesticide imazethapyr (HR: 0.72; 95% CI: 0.53, 0.98}

This study was ranked moderate accoigding the study qualityicriteria in the OPP Framework; $trengths
of the AHS as noted above, including the prospective study desigiiand pesticide-use informiation. The
study was limited by the reliance on self-tepostiof hyperthyroidishidiagnosis even though they
attempted to validate cases via medical records32% confirmed by medical personnel), and the
pesticide use information was limited to use piior toienrollment and didinot,account or pesticide use
that occurred after enrollmient and may have ledito exposure misclassification;

EPA4 Conclusion

Overall, there is insufficientepidemiological evidence at this time to conclude that there is a clear
associative origausal relationship betweenidicamba exposureiand hyperthyroid disease. Three publications
(Goldneriet'al., 2040 Blirestha et'al 20 18b; Shitestha et al., 2019) examined the relationship between
dicamghi exposure and hyperthyroid disease among AHS. study participants. Goldner et al. (2010) reported
nogvitdenee of a significantpositive association betwedn ficamba ever use and hyperthyroid disease
among female spouses of pestitide applicators enrolled in the AHS. The publication was ranked low due
to a cross-seétivnal study design sitive tempotidity for exposure in relation to the outcome could not be
determined andimigs limited by selfigeported outeome. Shrestha et al. (2108b) also reported no evidence of
a significant positive association among femaleispouses of pesticide applicators in the AHS, based on
dicamba ever use and Jonger follow-up time and was ranked moderate quality. A third publication
(Shrestha et al., 2019) réported no evidence of a positive association among private pesticide applicators
in the AHS based on dicamnbaigver us¢iand was ranked moderate quality. Both Shrestha et al. (2018b) and
Shrestha et al. (2019) attempted i validate the self-reported hyperthyroidism diagnosis via medical
record confirmation, however only 32% of attempted cases were ultimately clinically confirmed. Potential
selection bias was also likely if study subject participation in the follow-up phases was related to their
disease status for hyperthyroidism. An additional limitation of all three publications was that only ever
use of pesticides prior to enrollment was captured rather than pesticide use that occurred after enrollment
and this may have led to exposure misclassification.

% In this study, the stricter case definition was inclusive of a.) cases confirmed via medical records or
validation questionnaire; or, b.) cases who reported having hyperthyroidism > 2 times on validation
surveys.
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Hypothyroid disease

Five studies (Goldner et al., 2010; Goldner et al., 2013; Shrestha et al., 2018b; Shrestha et al., 2018¢;
Lerro et al., 2018) investigated the association of dicamba exposure hypothyroid disease.

¢ Goldner et al. (2010) evaluated the association between prevalent thyroid disease and dicamba and
other pesticides among female spouses of male private pesticide applicators in a cross-sectional
analysis of data from the AHS prospective cohort. The study population included all female spouses
of male private applicators who completed both the enrollment questignniaire on pesticide exposure
(1993 — 1997) and the follow-up telephone interview collecting information‘on history of thyroid
disease (1999 — 2003) and had complete data on all covariates. ¢ases.of physician-diagnosed thyroid
disease were ascertained through self-report during follow-up intervigws (1999 — 2003) and were
further classified into three subgroups: hypothyroidism, hypérthyroidistn and other thyroid disease.
Pesticide exposure among female spouses of male private applisators wasiteported through the
Spouse Enrollment Questionnaire given at enrollment £1993 “41997) and inclided direct pesticide
exposure (ever use of dicamba), but not indirect pggticide exposure of the spousei{hmsband’s use of
the pesticide). Polytomous logistic regression wasised to analyze the association bétween ever use of
dicamba and the occurrence of thyroid disease, adjusting:for BMIage at enrollment, ‘$mioking status,
hormone replacement therapy (ever/never), and education; Among thé 2,043 total cases'of thyroid
disease reported among female spouses, there were 17 (41.6%4):hyperthyroid cases, 27 (2.4%)
hypothyroid cases, and 19 (3.4%) ‘othér ithyroid cases reported ever use of dicamba. No eyidence of
a positive association was reported for the agsbciation between di¢ainba exposure and hypothyroid
disease (OR = 0.66; 95% CI: 0.45, 0.98; with 1t = 27 exposed cases).

The study quality was ramked. low based on theéstudy qualityicriteria provided i the OPP Framework.
Authors were not ableito anialyzencident cases sgparately froni pirevalent ¢ases due to the way the
data were collected: 1 he cross-sectional study desigriwas a limitation girice temporality for exposure
in relation to thi¢ outéatme could not be determined. Reliance on selfireport of the outcome without
clinical confirmation wasanother limitation. Additioniglly, the investigators were only able to assess
ever/neverexposure and didinot have more detailed expogure information to assess cumulative
dicamba exposure.

e Shrestha et al. (2018byevaluated the gsociation between thyroid disease and exposures to pesticides
including dicamba. The study populationiconsisted of female spouses of pesticide applicators enrolled
in the AHS;:an ongoing, prospeetive cohogt study. Pesticide exposure was reported through self-
administered guestionnaires at'enrollment (1993 — 1997), and thyroid disease, both hyperthyroid and
hypothyroid digease status, was ageertainedithrough self-report during follow-up interviews during
Phase II (1999 —2003), Phase IIT'(2005 — 2010) and Phase IV (2013 — 2016) of the study. Validation
of self-reported cases of hyperthyreid and hypothyroid disease was carried out using medical record
data. The Cox proportitigl hazards model was used to calculate separate HRs for hypothyroid and
hyperthyroid disease, controllitie for smoking, education, and state. Authors restricted their analysis
to exposures with at least 18 fhyroid disease cases in each exposure category for all but the stricter
case analysis for which at feast 5 exposed cases in each exposure category were required. For this
analysis, the study population included 24,092 AHS female spouses. Authors used multiple
imputation with fully conditional specification method to impute missing covariates for 1,273 spouses
missing information on smoking status and 3,106 on education. Authors created five imputed
datasets, performed regression analysis in each dataset, and obtained the pooled parameter estimates.
For hypothyroid disease, no evidence of a positive association was reported for dicamba exposure
(HR: 0.90; 95% CIL: 0.70, 1.16; with n = 63 exposed cases, 1,480 unexposed cases). No evidence of a
significant positive association was reported between dicamba exposure and hypothyroid disease
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when further adjusted for correlated pesticides (HR: 1.17; 95% CI: 0.85, 1.60; with n = 63 exposed
cases, 1,480 unexposed cases). An additional analysis that only included thyroid cases as defined by
receipt of treatment in AHS spouses, reported no evidence of a positive association between dicamba
exposure and hypothyroid disease (HR: 0.93; 95% CI: 0.72, 1.21 with n = 60 exposed cases, 1,320
unexposed cases), and a further analysis that only included thyroid cases which were validated
according to the stricter case definition standards (ascertained via medical record data; confirmed via
validation questionnaire; reported thyroid disease at least twice in follow-up surveys) similarly
reported no evidence of a positive association for dicamba exposure and hypothyroid disease (HR:
0.98; 95% CI: 0.71, 1.37; with n = 37 exposed cases, 770 unexposed caies).

The study quality was ranked moderate based on the study qualify etiteria provided in the OPP
Framework. Study strengths included the prospective cohort design and the extensive methods used
to obtain exposure information for several pesticides includinig dicamba; Study limitations included
potential selection bias and self-reported hypothyroid disesse. Selection biagiwas likely if study
subject participation in the follow-up phases was relafed to théir disease statug fior hypothyroidism
and since thyroid disease was self-reported in thig:study, it was likely some cases misclassified their
thyroid disease status and subtype. Additional study details regarding frequency and duration of
pesticide use for dicamba would have been useful but'were not provided.

e In aseparate study, Goldner et al. (2043) evaluated the potentisl association between hypothyroid
disease and dicamba and other pesticides sising data from the AlS;prospective cohort. Thé'study
population included male commercial and privite pesticide applicators enrolled in the AHS, living in
North Carolina and Iowa. Thyroid disease statuswasself-reported duitig follow-up interviews during
Phase II (1999 — 2003) and Phase I1I (2005 <2010y of thie.study. While'thesstudy investigated three
subgroups of thyroid diseise.(hypothyroidism, liyperthyroidism, and ‘other! thyroid disease), results
for dicamba exposuge were anly reported for hypothyraidismiiPesticide exposure was reported
through two selfzadministered Guegstionnaires at enrgliment (19934, 1997) and captured pesticide
exposures that occurrgdiprior to enrpllment. Among'the 22,246 AHS study participants, 461
hypothyroid cases were teported, and of these, 289 reported ever use of dicamba. Of the 21,327 non-
cases (no thyroid diseaseywith complete data, 11,685 reported ever use of dicamba. Logistic
regresitonwasiged o analyze the askociidtion between evidtiise of dicamba and the occurrence of
thytotd disease, adjusting for BMI;age at enrpllinent, and education. Bvidence of a slight positive
association was reported between exposure to dicamba and hypothyroid disease male commercial and
private pesticide applicators, based on ever/mever use (OR = 1.37; 95% CL 113, 1.66; withn = 289
exposed cases and n = 11,685 exposed non-cases).

The study qualityiwas ranked mederate based on the study quality criteria in the OPP Framework.
The prospective coliort study desigii and the detailed pesticide exposure information were considered
study strengths. Limifations included self-reported diagnosis of thyroid disease rather than clinical
confirmation which may have led 16 some cases misclassifying their thyroid disease subtype. Authors
were unable to analyze iricideni cases separately from prevalent cases due to the manner in which
data were collected. And as such, it is difficult to discern the temporal ordering of exposure and
outcomes.

e  Shrestha et al. (2018¢) evaluated the association between incident hypothyroid disease and exposures
to pesticides including dicamba. The study population consisted of private pesticide applicators
enrolled in the AHS, an ongoing, prospective cohort study. Hypothyroid disease status was
ascertained through self-report during follow-up interviews during Phase II (1999 — 2003), Phase 111
(2005 — 2010) and Phase TV (2013 — 2016) of the study. Validation of self-reported cases of
hypothyroid disease was carried out using medical record data or two validation questionnaires.
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Pesticide exposure was reported through self-administered questionnaires at enrollment (1993 —
1997). The Cox proportional hazards model was used to calculate HRs for hypothyroid disease,
adjusting for smoking, education, state, and sex. Covariates were selected a priori based on potential
for causal relationship identified in prior literature. Among the total number of study participants (n =
34,879), 829 hypothyroid cases and 34,050 non-cases were reported among private pesticide
applicators. Among the hypothyroid cases (n = 829), 455 reported exposure to dicamba, based on
ever/never use. Evidence of a slight positive association was reported between dicamba exposure and
hypothyroid disease among private applicators (HR: 1.27; 95% CIL: 1.08, 1 50, p-value £ 0.01) A
further analysis investigating the association between intensity-weighted:lifetime days of use of
dicamba and hypothyroid disease among private applicators, was cgiiduicted with the following
tertiles intensity-weighted lifetime days of use for dicamba usedy# @ - < 572 days of use, > 572 - <
2,184 days of use, and > 2,184 days of use. Evidence of a positive association was reported for the
middle and high exposure categories { > 572 - < 2 184 days - HR: 1.32:95% CL: 1.07, 1 63, withn =
157 exposed cases, p-value = 0.01); > 2184 days - HR: 1.29; 95% CL: 1.04, 1.59; withn = 144
exposed cases, p-value = §.02) but no evidence of a signtiticant positive assoeiation was reported in
the low exposure category (> 0 - <572 days - HR:1:24; 95% CI: 1.00, 1.54; witlin = 146 exposed
cases, p-value = 0.05), and no evidence of a siggiifi¢ant exposure-response trend (pifrend = 0.10).
Evidence of a positive association was reported between ever-use of dicamba and hypothyroidiam
when the analysis was adjusted for the correlated pesticide imazethapyr (Phi coefficient = 0.40) (HR
=131:95% CL 1.10, 1.56: p-value < 0.01). A further analysis investighting the association between
intensity-weighted lifetime days of usé éif.dicamba and hypothysoid disease among private
applicators, further adjusted for the correlatedpesticide imazethapyy, was conducted using same
tertiles as reported above. Evidence of 4 positive association was reported for all three exposure
categories (1.27 < all HRs < 1.35: all 95% CIs encompassed the null value of 1.0; p-values < 0.05; p-
trend = 0.10) and no evidence of a significanti¢xposure:response trend.

Additional sub-anglyses investigated the associatio between disambia.exposure and hypothyroidism
(based on ever/iiever use) while placing various resitictions on the ¢gge definition and evidence of a
positive association wis teported for each of the following analyses:1) hypothyroid cases that were
further restricted to those'faking thyroid-related medications only (n = 35,073) (HR = 1.36; 95% CI:
1.14, 1:62; withiie 424 exposed cases, prvalue = 0.01); 2)hypothyroid cases when female
applicators were'exchided (n =i34.375) (H] =126, 95% €1 1.06, 1.49; with n = 444 exposed cases,
pevalue = 0.01); 3) everuse of dicaniba and hypoethyioidism risk using inverse probability of
censoring weights (HR: 1285 95% €1 1,08, 1.51 n =453, p-value = 0.01). And, no evidence of a
significant positive associationwas repértéd for the analysis where hypothyroid cases were restricted
to those confirmed by a validation questionnaize or medical records or who reported having
hypothyroididisease > 2 times of more in supveys (n = 34,464) (HR = 1.28; 95% CI: 0.99, 1.66; with
n= 197 exposed cases; p-value = (.06).

The quality of the study was rankid moderate based on the study quality criteria provided in the OPP
Framework. Strengths iti¢luding the prospective cohort study design and the extensive methods used
to assess cumulative pesticite eéxposure. Study limitations included the potential risk of bias due to
loss to follow-up, and the possibility of selection bias if study subject participation in the follow-up
phases was related to their disease status for hypothyroidism.

¢ Lerro et al. (2018) investigated the association between pesticide exposure including dicamba and
hypothyroidism using data from the Biomarkers of Exposure and Effect in Agriculture (BEEA) study,
a subset of the AHS prospective cohort. The BEEA was conducted from June 2010 to September
2013 and cases included male pesticide applicators who were part of the AHS, lived in North
Carolina or Iowa, and were > 50 years of age at enrollment for BEEA with no previous diagnosis of
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cancer (besides skin cancer). Eligible BEEA participants completed the AHS questionnaires at
enrollment (1993 — 1997) and follow-up (1999 — 2003, 2005 — 2010), had no history of cancer, and no
history of self-reported thyroid disease or thyroid medication use. Blood samples were collected by a
trained phlebotomist and serum samples were measured to confirm subclinical hypothyroidism in
each case, which the study reported as thyroid-stimulating hormone (TSH) levels > 4.5 mIU/L.%*
Pesticide exposure was assessed via the study questionnaires completed at enrollment and exposure
data including frequency (average days/year) and duration (years) of ysé for individual pesticides
including dicamba was obtained. Intensity-weighted lifetime days of pise were calculated for each
pesticide by multiplying lifetime exposure days by an intensity-wietghted factor. A logistic regression
was performed to determine ORs and 95% Cls for the association between dicamba and
hypothyroidism, adjusting for age, smoking, state, BMI, andicgrrelated pésticides. The following
exposure categories for dicamba were used: 36 — 350 daysi> 350 — 1,046 d4ys, > 1,046 — 2,699 days,
and > 2,699 - 107,823 days. No evidence of a significant positiveérassociation was reported at any of
the four exposure levels relative to the non-exposed group for subclinical hypothyroidism (0.68 < OR
< 1.06; all 95% Cls encompassed the null valugiof 1.0; with 15 — 21 cases per expasiize category;
with a p-trend = 0.62).

The quality of the study was ranked moderate based on the'study quality'griteria provided iy fhe OPP
Framework. Strengths including the prospective study design,daboeratory confirmation of subclinical
hypothyroidism, and the cumulative pesticideiexposure assessment: iLhe analysis was limited to
curulative pesticide use prior to enrollmeint and tiay have led to exposure misclassification.

EP4 Conclusion

Overall, there is insyfficient epidemiglogical evidence atithis time to caneliidé that there is a clear
associative or causal relationship betwesn dicamba exposyre and hypothyroid disease. Five publications
(Goldner et al., 2010; Goldueret al., 2013; Shrestha et al.,'2018b; Shrestha et al., 2018c¢; Lerro et al.,
2018) examined.the relationship betwegn dicamba exposure dnd hypothyroid disease among AHS study
participantsiand'the evidence is mixed For fetirale spouses ofimigle pesticide applicators enrolled in the
AHS, Goldner et al. (2810)reported ng:evideiice of 4 positive association between dicamba ever use and
hypethyreid disease. The publication Wasiranked lowdug to'a cross-sectional study design since
temporalityifor exposure in relation to théigitcome could not be determined and was limited by self-
reported outegme. Shrestha et ali {2018b) reported no evidence of a significant positive association among
female spouses ofipesticide applicatars in the AHB based on dicamba ever use and longer follow-up time
and was ranked igderate quality. Study limitations included self-reported diagnosis of thyroid disease
and selection bias if'stiidy subject participation was related to their outcome.

Among male pesticide applicators in the AHS, five studies investigated the association between dicamba
exposure and hypothyroid disedse ghd reported mixed findings. Goldner et al. (2013) reported evidence of
a slight positive association between exposure to dicamba and hypothyroid disease based on ever use and
was ranked moderate quality dite to the self-reported diagnosis of thyroid disease. A fourth publication
(Shrestha et al., 2018¢) reported evidence of a slight positive association between dicamba exposure and
hypothyroid disease among private pesticide applicators enrolled in the AHS and included additional
follow-up time to Goldner et al. (2013). Additionally, Shrestha et al. (2018¢) reported evidence of a
positive association for the middle and high, but not the low, exposure categories in the exposure-
response analysis, but no evidence of a significant exposure-response trend. However, in an additional

8 LeFevre ML; U.S. Preventive Services Task Force. Screening for thyroid dysfunction: U.S. Preventive
Services Task Force recommendation statement. Ann Intern Med 2015; 162:641-50.
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analysis that restricted cases to those that were confirmed either through a validation questionnaire
completed by the participant, medical records, or by the participant reporting having hypothyroid disease
> 2 times on surveys, the no evidence of a significant positive association was reported. The study quality
was ranked moderate and study limitations were noted including the self-reported diagnosis of thyroid
disease and the possibility of selection bias if study subject participation in the follow-up phases was
related to their disease status for hypothyroidism. Finally, a fifth publication, (Lerro et al. 2018), reported
no evidence of a significant positive association at any exposure level relative to the non-exposed group
for subclinical hypothyroidism among male participants in the AHS.

Other Thyroid disease

One study (Goldner et al., 2010) evaluated the potential relationgliip between dicamba exposure and other
thyroid disease in women.

Goldner et al. (2010) evaluated the association between prevalent'thyroid diseaseiang dicamba and other
pesticides among female spouses of male private applicators in a cross-sectional analysis of data from the
AHS prospective cohort. The study population inchirded 4l female spouses of male private.applicators
who completed both the enrollment questionnaire on pesticide exposure, {1993 - 1997) andithe follow-up
telephone interview collecting information on history of thyrgid:disease {1999 — 2003) and had vomplete
data on all covariates. Cases of physiciansdiagnosed thyroid diseageiwere ascertained through selfireport
during follow-up interviews {1999 — 2003 yaridwere further classified.into three subgroups:
hypothyroidism, hyperthyroidism, and other thyroid disease. Pesticide gxposure among female spouses of
male private applicators was reported through the Spetise Enrollment Qugstionnaire given at enrollment
(1993 — 1997) and included direct pesticide expasure {(everiase of dicamba)| but not indirect pesticide
exposure of the spouse (husband’s use of the pesticide). Polytonpus logistic regrgsgion was used to
analyze the association beiween evir use of dicambaiand the oceurrénce of thyraid disease, adjusting for
BMI, age at enrollmegt, smoking stafis, hormone repldcegment therapy (eyer/never), and education.
Among the 2,043 tetal‘¢uses of thyroid disease reportediamong female spotises, 17 (4.6%) hyperthyroid
cases, 27 (2.4%) hypothyroidicases, and 19 (3.4%) ‘other’ithyroid casesireported ever use of dicamba. No
evidence of a positive associatitip, was reported for the assoejation between dicamba exposure and other
thyroid disgase (OR #:0.96; 95% L 06l 160; with n = 19 expesed cases).

The study quality was rankedilow based ion the studyigualityicriteria provided in the OPP Framework.
Authorsiwere not able to analyzeéincident ¢ases separatelyfrom prevalent cases due to the way the data
were colleeted;, The cross-sectionalistudy désign was a limitation since temporality for exposure in
relation to theiitcome could not be determined, Reliance on self-report of the outcome without clinical
confirmation was atiother limitation Additionally, the investigators were only able to assess ever/never
exposure and did nof Have more detailed exposure information to assess cumulative dicamba exposure.

EP4 Conclusion

Overall, there is no epidemiologicul evidence at this time to conclude that there is a clear associative or
causal relationship between digamba exposure and other thyroid disease. One publication (Goldner et al.,
2010) examined the relationship between dicamba exposure and other thyroid disease among female
spouses of private pesticide applicators enrolled in the AHS. Goldner et al. (2010) reported no evidence of
a positive association between dicamba ever use and other thyroid disease among female spouses of
pesticide applicators enrolled in the AHS. The publication was ranked low due to a cross-sectional study
design since temporality for exposure in relation to the outcome could not be determined and the study
was also limited by self-reported outcome.
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3.7 Epidemiology Conclusion

OPP performed a systematic review of the epidemiologic literature on dicamba exposure and identified 78
peer-reviewed publications that investigated dicamba exposure and a range of adverse health outcomes,
including 33 studies on carcinogenic health outcomes and 45 on the non-carcinogenic health outcomes
affecting several organs, as well as autoimmune disease, Parkinson’s disease, myocardial infarction,
respiratory effects and birth effects and birthweight in children. OPP’s conclusions on the available
evidence for these outcomes are summarized below.

3.7.1 Carcinogenic Health Qutcomes

Twenty-seven cancer outcomes were examined in 33 epidemiologi¢ studies, with most cancer outcomes
investigated in one or two studies. OPP concluded there was no ‘épidemiological evidence of a clear
rectal cancer, cancer of the larynx, stomach cancer, testicular caticer, ‘and tonguéigancer. This conclusion
was based on evidence that was limited to studies on edeh cancer outcome that repaited no evidence of a
positive association between dicamba exposure and:#he ancer outcome (e.g., all reported:OR effect
estimates were < 1.0).

OPP concluded there was insufficient epidemiological evidencé of.a£ledr adspciative or causal
relationship between dicamba exposure angditwenty-one cancer outcomes: cancers (all combineidy, bladder
cancer, brain and spinal cancer (glioma), bréast eancer, colon cancer; esephageal cancer, lip cancer, liver
and intrahepatic bile duct cancer, lung cancer, lietattpoietic cancer, letikgmia, Hodgkin lymphoma, non-
Hodgkin lymphoma, mantle cell lymphoma, muliiple tiyéloma, melanoms; pancreatic cancer, prostate

outcomes were also only wivestioated in a single stugly population,iwith cancer {all sites), bladder cancer,
and brain and spinal casigers, and fenkemia all investigated in 3 stidies;Jung cancer and Hodgkin
lymphoma in four stidiesieach, multiplemyeloma in five; and NHL and prostate cancer examined in nine
studies each. Given the Iimijed number of studies availablg for each out¢ome other than NHL and prostate
cancer, there was minimal cosfidence in the available evidence so additional epidemiological evidence
could substantivelyiaffect the overall maghitude or direction’ef any observed associations. Further
information on the evidence for eacls healthiis simmarized below.

¢ “Foriy
clear asgociative or causal felationship betiveen dicamba exposure and all cancers. This determination
was basettgtithree studies, (Flgwer et al., 20045 Samanic et al., 2006; Lerro et al., 2015). Flower et
al. (2004) réported no evidence'ofia positive dssociation between prenatal dicamba exposure and
childhood cancer{all cancers combined) in'the AHS prospective cohort. The overall quality of the
study was moderate as the study rélied on ever/never exposure assessment. Samanic et al. (2006) and
Lerro et al. (2020) with longer follaw-up time and more cases reported no evidence of a significant
positive association between digiimba intensity-weighted lifetime days of use and all cancers
combined among adults in‘tlie AHS prospective cohort. Both studies were ranked moderate as they
did not adjust statistically for nltiple comparisons.

¢ For bladder cancer, there is insufficient epidemiological evidence at this time to conclude that there is
a clear associative or causal relationship between dicamba exposure and bladder cancer. This
determination was based on three studies {Samanic et al., 2006; and Koutros et al., 2016; Lerro et al.,
2020), that investigated the potential association between dicamba exposure and bladder cancer
among the AHS prospective cohort each with increasing follow-up time and number of cases.
Samanic et al. (2006), with follow-up through 2002, reported evidence of a positive association in the
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middle exposure category of intensity-weighted lifetime days of dicamba use with the low exposure
group as the referent among a very small number of cases. And, no evidence of a significant positive
association between dicamba exposure and bladder cancer in any exposure category of intensity-
weighted lifetime exposure days and lifetime exposure days with the no exposed group. Koutros et al.
(2016), with follow-up through 2011, reported no evidence of a positive association between dicamba
exposure and bladder cancer among AHS pesticide applicators based on ever/never use and no
evidence of a significant positive association between intensity-weighted lifetime days of dicamba
exposure and bladder cancer. The quality of the study was ranked high. And the third study, Lerro et
al. (2020), with follow-up through 2015, reported no evidence of a siggificant positive association
based on intensity-weighted lifetime days of dicamba exposure and bladdet:cancer. Both Samanic et
al. (2006) and Lerro et al. (2020) were ranked moderate study quality and multiple comparisons
without adjustment for multiple comparisons was considered g limitation.

e For brain and spinal cancer (glioma), there is insufficient epideniological évidence at this time to
conclude that there is a clear associative or causal relationshipbetween dicamba:exposure and brain
and spinal cancer. This determination was based gi three studies (Lee et al., 2005, ¥iin et al., 2012;
Lerro et al., 2020) that investigated the relationshipbetween dicamba exposure andibgain and spinal
cancers among three separate populations in the United States. Leeiet al. (2005) reportedino evidence
of a significant positive association between dicamba evep iise andiglhioma among farmers in
Nebraska and among those cases wheshad a proxy respondent usitic a case-control analysis: The
study was ranked low quality due to the liinge proportion of projy:respondents, reference group to
nonfarmers, ever use assessment rather thag gxposure-response, 4ndiself-report of exposure. Yinn et
al. (2012), in a case-control analysis amongpaiticipants of the Upper Midwest Health Study, reported
no evidence of a positive association betweenidicambgiever use and glionia and again when proxy
respondents were excluded. The quality of the'study was raitked moderateidugito the large proportion
of proxy respondents; selfrepuit of exposure, ang casezéontrol smdy designiA third publication,
Lerro et al. (2020 veported noigvidence of a signifigant positivéiagsgeiation between intensity-
weighted lifetimie daysiof dicamba and brain canceriamong pesticide applicators in the AHS among a
small number of casesii The overall guality of the study was ranked‘moderate and authors did not
correct for multiple comparigons.

e Farbreast cancer, thereis insufficient epideminiorical evidence at this time to conclude that there is a
¢lear associative or causl relationship.between dicaniba exposure and breast cancer. This
deteritiation was based o1 one publication (Engel et al., 2005) that examined the association
between gikamba exposure aiid breast canger among female spouses of pesticide applicators in the
AHS prospestive cohort and repaited no evidence of a significant positive association for either direct
dicamba exposiye, or indirect exposure (measured through husband’s ever use of dicamba) and breast
cancer. The overalliguality moderité and limitations included the potential for exposure
misclassification fropiself-reported previous pesticide exposures by study participants, and the
indirect exposure assésspient basgd on husband’s pesticide use.

e For colon cancer, there is insufficient epidemiological evidence at this time to conclude that there is a
clear associative or causal Telationship between dicamba exposure and colon cancer. This
determination was based on three publications (Samanic et al., 2006; Lee et al., 2007; Lerro et al.,
2020) that examined the association between dicamba exposure and colon cancer among the AHS
prospective cohort pesticide applicators. Lee et al. (2007) reported no evidence of a positive
association between dicamba exposure and colon cancer among the AHS particpants, based on ever
use of dicamba and was ranked high quality. Samanic et al. (2006) and Lerro et al. (2020) with longer
follow-up time, both reported no evidence of a significant positive association between intensity-
weighted lifetime days of dicamba exposure and colon cancer an no evidence of an exposure-
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response trend. The study quality of both studies was ranked moderate. Strengths of the studies
included the ascertainment of colon cancer and the exposure assessment, the primary limitation of
both studies was the multiple comparisons without statistical correction of multiple comparisons,
which likely resulted in incorrectly concluding significant associations.

e For esophageal cancer, there is insufficient epidemiological evidence at this time to conclude that
there is a clear associative or causal relationship between dicamba exposure and esophageal cancer.
This determination was based on two publications (Lee et al., 2004; Lerro et al., 2020) that examined
the association between dicamba exposure and esophageal cancer. Lgé et:al. (2004) reported no
evidence of a positive association among the participants of the Nebraska Health Study IT in a case-
control study of adults in Nebraska. The study was low quality ditg 16 several limitations including
the study design, control selection, and comparison of farmers to nonfatmers, and the large number of
proxy respondents. Lerro et al. (2020) reported evidence of a'gositive diggeiation in the third
exposure category of intensity-weighted lifetime days of expostre and no‘evidence of a positive
association in the first, second, and fourth exposure gatégoriesiand no evidenee of an exposure-
response trend among the AHS cohort. The study:wias moderate quality and while the outcome and
exposure assessments were strong, a notable lishittagin was the multiple comparisonsiwithout
statistical correction.

e For lip cancer, insufficient epidemiological evidence at this tithie 16 conchide that there is a ¢lear
associative or causal relationship betweén dicamba exposure anid lip cancer. One study, Lérro et al.
{2020) reported no evidence of significant positive association betwebn intensity-weighted lifetime
days of dicamba exposure and lip cancer among pesticide applicatorsigiithe AHS. Lerro et al. (2020)
had several strengths including its prospectivédesigh; thie.ascertainment gfeolon cancer, and the
exposure assessment, but'the primary limitatiorwas the niultiple comparisons without statistical
correction of multiplécompirisons, which likelyipesulted'in incorrectly concluding significant
associations.

e For liver and intrahepatic bile duct gancer, insufficient epidemiological evidence at this time to
concludethatthere is a cledr gasociative or causal relatiotiship between dicamba exposure and liver
and intrahepatie bileiduct cancer) One'studyiLerro et al. (2020), reported evidence of a positive
association betweeriniensity-wetglited lifetithe days.of exposure among a very small number of
cases fn = 10 cases) at thie highest eéxposure level >3689.0 days of exposure. No evidence of a
significant positive associationwas reported for the two middle exposure categories among a very
small numbir of cases (n = 6 8) and evidenioe of a significant inverse association was reported for
the lowest exposure category (3= 449.5 days) among a very small number of cases (n = 4).
Additionally, when considered separately, Eerro et al. (2020) reported evidence of a moderately
strong positive assgciation in the high exposure group (> 1,260 days) of intensity-weighted lifetime
exposure days and Iiveticancer and 4 significant exposure-response trend among a very small number
of cases (n = 5). While'Leiro et 41:(2020) reported evidence of a positive association between
dicamba and liver and intraligpitic bile duct cancers, the overall evidence was considered insufficient
because there was only a single study available. It should be noted that while the overall study
population was large, the study may have limited ability to fully evaluate the relationships between
dicamba and liver and intrahepatic bile duct cancers because of the relatively small number of
exposed cases (i.e., < 10 exposed cases) per exposure quartile. Additionally, this is a first time finding
for the AHS study population and authors typically require repeated findings over additional studies.
Finally, authors performed multiple comparisons without statistical correction, which likely resulted
in incorrectly concluding significant associations.
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e For lung cancer, there is insufficient epidemiological evidence at this time to conclude that there is a
clear associative or causal relationship between dicamba exposure and lung cancer. This
determination was based on four available publications (Alavanja et al., 2004; Samanic et al., 2006;
Bonner et al., 2017; Lerro et al., 2020) that used data from the AHS prospective cohort to examine the
association among male pesticide applicators. The first study, Alavanja et al. (2004) reported
evidence of a strong positive association between dicamba exposure and lung cancer at the highest
exposure level, among a very small number of cases (n = 8) and with the low exposed group as the
referent. No evidence of a significant positive association was reported for any other exposure
category with the low exposure group as the referent and for any expaosiige category with the no
exposed group as the referent. Alavanja et al. (2004) was ranked high'quality, Samanic et al. (2006)
and Bonner et al. (2017) each reported no evidence of a significant positive association between
dicamba exposure and lung cancer for either lifetime or intensityweighted days of exposure. And the
fourth study, with the longest follow-up time and largest nuiniber of casgs;reported no evidence of a
positive association between dicamba intensity-weighted lifetithe days anid lang cancer. The quality
of the three studies was moderate and limitations included the:high percentage bf missing data the
multiple comparisons without adjustment and potegtial issues with confounding,

e For hematopoietic cancers, there is insufficient epidemigiogical evidence at this time t¢ canclude that
there is a clear associative or causal relationship between dicambasiexposure and hematopoiétic
cancers. This determination was based.on one study (Samaniv et al., 2006) that investigated the
relationship between dicamba exposureigiid hematopoietic cancers among pesticide applicators in the
AHS prospective cohort and reported no‘eyidence of a significantipusitive association, based on
intensity-weighted lifetime days of use. Thestidy quality was moderate.and several tests were
performed without correcting for multiple cotparisonsiwhich likely régulted in incorrectly
concluding significant assaciations.

clear associative or causal relationship between dicathba exposure and'lenkemia. This determination
was based on three publititions (Brown et al., 1990; Metayer et al., 2013; Lerro et al., 2020) that
examined:the:association 1t adults gnd.in children. Browy et al. (1990) assessed the association
betwegn dicamby exposure angd leukemia dinone farmers liviig in Iowa and Minnesota by conducting
a papulation-based easescontrol'stiidy. No ‘evidenee of a positive association was reported, based on
éverfever use. The study guality wasiranked modersie and limitations included recall bias and the
use of proxy respondents ‘aniing the ¢agés and controls which both likely led to exposure
misclassifigation. We also néted that the'observed number of cases exposed to dicamba was small (10
< exposedeases < 20). Metayergtial. (2013); evaluated the association between childhood acute
Iymphoblastitileakemia (ALL) andpesticide exposure within the home in California using a
population-based ¢4se-control study:and reported no evidence of a positive association among
children. The quality of the studyiwas ranked moderate. Limitations included the indirect
measurement of dicamba exposuzethrough dust samples in the home which may be a poor surrogate
for pesticide exposure (childrens likely spend several hours of the day out of the house at school) and
exposure measurement occyyred at a single timepoint approximately 1-2 years after diagnosis. And, a
third publication, Lerro et 4l. (2020), reported no evidence of a significant positive association for any
exposure category for cumulative intensity-weighted days of dicamba exposure for all leukemias
combined among adults. Among subtypes, a associations were reported between dicamba exposure
and acute myeloid leukemia at the middle exposure category, and at the low and high exposure levels
and a significant exposure-response trend for acute/other lymphocytic leukemia among a very small
number of cases. Over fourty statistical tests were performed between dicamba and cancer outcomes,
without correction for the multiple comparisons. We would expect several of the significant findings
to no longer be significant after statistical correction. We also note that the number of exposed cases
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was very small for several exposure categories which severely restricts our ability to interpret with
confidence the observed risk ratios as well as the ability to assess the exposure-response relationship.

e For Hodgkin Lymphoma (HL), there is insufficient epidemiological evidence at this time to conclude
that there is a clear associative or causal relationship between dicamba exposure and HL. This
determination was based on four studies (Pahwa et al., 2006; Karunanayake et al. 2012; Latifovic et
al., 2020; Lerro et al., 2020) that examined this association among three study populations, the Cross-
Canada Study of Pesticides and Health Study (CCSPH), the North American Pooled Project (NAPP)
in Canada and the United States, and the Agricultural Health Study (A48} populations. All four
publications reported no evidence of a significant positive association between dicamba and HL in a
and all four studies were moderate quality. Study limitations copsisted of the potential for selection
bias, recall bias, low response rate, different selection methods isedfaricases and controls, and
different exposure assessments across studies. Additional linigations notediin Lerro et al. (2020) were
the multiple comparisons between dicamba exposure agil séveral cancers aidino adjustments for
nmultiple comparisons were made. HED would expegt several of the statistically significant results
would no longer remain significant after approprigie adjustments that would account for the multiple
comparisons performed. Too, HED notes several congerns with respect to confounderiadjustments
that suggest there may be issues with sample size andfogithe statistigal model/statistical gnalysis that
may affect the reliability of the analysis.

e Fornon-Hodgkin’s Lymphoma (NHL),‘theéte is insufficient epidemiological evidence at this time to
conclude that there is a clear associative or cauisal relationship between dicamba exposure and NHL
among men. This determination was based gn nine dvailable publications (Cantor et al., 1992;
McDuffie et al., 2001; McDuffie et al., 2005;:De Roos gtial., 2003; Hartge gt al , 2005; Samanic et al.,
2006; Czarnota et al., 2018skeon et al., 2019; Ligrro et ali, 2020) that examined dicamba exposure
and NHL. Eight studies reportedino evidence of 4 significant positive assogidtion between dicamba
exposure and NHL and the ninthistudy reported noigyidence of a pasifiyie association. All studies
were moderate quality and limitatigns included potetiial recall bias dié to the cases remembering
exposure differently than gentrols, different selection methods for cases and controls across studies,
different methods for capturihg pesticide exposure inforthation (list of pesticides vs. voluntary recall),
and uge offa'large iamber of'praxy respotidents.

e For the NHL subtypes, there s insufficient epidemivlpgical evidence at this time to conclude that
there't5 aiclear associative'or ¢ausal relationship between dicamba exposure and any NHL subtype.

o For'mantle cell ymphome; Lerro etial! (2020) reported evidence of a strong positive
associativi between intehgity-weighted lifetime days of dicamba exposure and mantie cell
lymphomaiat both the low snd high exposure levels, and no evidence of an exposure response
trend among“a viery small ¢10) number of exposed cases.

o For chronic/small tymiphocytic leukemia, Lerro et al. (2020) reported evidence of a significant
negative associatiott in the lowest exposure category among a small number of cases and no
evidence of a significant positive association was reported for any exposure category of
cumulative intensity-weighted days of dicamba exposure and chronic/small lymphocytic
leukemia. While Lerro et al. (2020) had several strengths including the prospective study
design, use of cancer registries to ascertain cases, and a validated questionnaire to assess
pesticide exposure, several limitations were noted. In particular, over 40 different cancer
analyses were performed and no adjustments for multiple comparisons were made. Several of
the statistically significant results would no longer remain significant after appropriate
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adjustments that would account for the multiple comparisons performed. Additionally, with
respect to confounder adjustments, we note several concerns that suggest there may be issues
with sample size and/or the statistical model/statistical analysis that may affect the reliability
of the analysis. Further, the reported association between dicamba exposure and mantle cell
lymphoma is a first time (exploratory) finding and AHS practice is to require a second
follow-on confirmatory finding to begin to consider making any conclusions.

o For the NHL subtype, multiple myeloma (MM), there is insufficient epidemiological evidence
at this time to conclude that there is a clear associative or caugalizelationship between
dicamba exposure and MM. This determination was based,gn five publications (Brown et al.,
1993; Pahwa et al., 2006; Pahwa et al., 2012; Leon et al;; 2819; Lerro et al., 2020). All five
studies reported no evidence of a significant positive gssociation between dicamba exposure
and MM. The three case-control studies and the cohort study ot the AHS were all moderate
quality and study limitations included exposureimisclassification, ¢omparison of farmers to
non-farmers, selection bias, recall bias, and gultiple Camparisons withiout statistical
correction. The fifth study, Leon et al. (2019}, was low quality, limitationsiincluded exposure
misclassification, methods used to meastite covariates, and incomplete adjastiment for
important potential confounders.

e For melanoma, there is insufficient epidemiological evidence af this time to conclude that there is a
clear associative or causal relationship between dicamba expostteiand melanoma. This determination
was based on two publications (Samanic ‘et 4l 2006; Lerro et al.,'2020) that examined the
relationship between dicamba exposure andimelanioing among the AHS prospective cohort
population. Both publications reported no evidence ‘of a significant positivéassogiation between
dicamba exposure and.mi¢lanoma and the study:quality Tor both studies wias moderate. Study
limitations noted ingluded the multiple comparisans without statistical correetion in both studies.

e For pancreatic cancer;thiere is insufficient epidemiological evidence gt this time to conclude that there
is a clear associative or ¢gusal relationiship between dicgmba exposure and pancreatic cancer. This
determinationiwas based ofi two AHSistudies (Andreottiigf al,, 2009; Lerro et al., 2020) that reported
no evidence ofsignificant positive association between intensity-weighted lifetime days of dicamba
usé and pancreatic Canicér, Both studies benefited from thé general strengths of the AHS including the
expasire assessment, angigiztcome ‘as¢ertalnment viaistate cancer registries. Andreotti et al. (2009)
was highiquality and Lerroigtal. (2020) was moderate quality with the noted limitation of multiple
comparisons without statistical ¢orrection

e For prostate catiger, there is insufficient epidemiological evidence at this time to conclude that there is
a clear associativeigr causal relatipiship between dicamba exposure and prostate cancer. This
determination was baséd:on nine sttidies (Alavanja et al., 2003; Samanic et al., 2006; Band et al.,
2011; Barry et al., 20114 Barry.etal., 2012; Koutros et al., 2011; Christensen et al., 2016; Koutros et
al., 2013; Lerro et al., 2020} that examined the association among the AHS prospective cohort and in
a population-based case-control study among farm workers in British Columbia, Canada. All eight of
the AHS studies reported no evidence of a significant positive association between dicamba exposure
and prostate cancer. The study quality for all eight studies was either high or moderate and all
benefited from the general strengths of the AHS including the prospective study design (three were
nested-case control), and linkage to cancer registries to ascertain cases. Study limitations were noted,
namely potential for exposure misclassification and missing data among cases (~30% of the cases)
and multiple comparisons without adjustment for multiple comparisons. The ninth publication, Band
et al. (2011), evaluated the association between dicamba and prostate cancer in a population-based
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case-control study among farm workers in British Columbia, Canada and reported evidence of a
moderately strong positive association in the high exposure category of the exposure-response
analysis among a very small number of cases (n = 8). The study was moderate quality and limitations
included selection bias and recall bias due to proxy respondents inaccurate recall of exposure. We
note also, the number of dicamba-exposed prostate cancer cases in the high exposure category (n = 8)
was very small.

For cancer of the small intestine, there is insufficient epidemiological evidence at this time to
conclude that there is a clear associative or causal relationship betweegi dicamba exposure and cancer
of the small intestines. This determination was based one study, Lefto'et al.42020) that examined the
association among the AHS prospective cohort and reported no gvidence of a significant positive
association in any exposure category of intensity-weighted lifétime dayis of exposure. The study was
moderate quality and while the study had several strengths inieluding the grospective study design, use
of cancer registries to ascertain cases, and a validated questionmajre to assegs pesticide exposure,
several limitations were noted. In particular, over 4Q:different'cancer analyses were performed and no
adjustments for multiple comparisons were madegind noted issues with confounidep.adjustments that
suggest there may be issues with sample size arid/or the statistical model/statisticatanialysis that may
affect the reliability of the analysis.

e For soft tissue sarcoma (STS), there isinsufficient epidemiological eviderice at this time to gonclude
that there is a clear associative or causal felationship between digamba exposure and STS. *This
determination is based on two publications (Palwa et al., 2006; Paliwa et al., 2011) that investigated
the potential association between exposuretp dieatiba STS, in case-eiitrol analysis of participants of
the Cross-Canada Study of Pesticides and Heglth Study swhile considering gxposure to DEET (Pahwa
et al., 2006) and medicakiind familial history of cancer (Pahwa, et al., 20113, Both studies reported no
evidence of a signifigant positiveiassociation between dicamba exposure and STS based on ever
exposure and wege moderate quality. Limitations nghisded potential recall bias, as the cases living
with the outcorie mity have remermbiered certain pastigxposures morg gccurately than the controls and
the low response rate toithie mailediguestionnaire.

o For tonsil caneer, thére is insuffidient epideniialogical evidence at this time to conclude that there is a
clenrassociative or'cansal relationship between digambaséxposure and tonsil cancer. One study (Lerro
etal;2020) examined the gssociation between dicamba exposure and tonsil cancer among the AHS
prospetiive cohort and repotied evidence of a positive association in the low exposure category and
no evidence:of a positive assgeigtion in the High exposure category. Additionally, evidence of a
significant’éxposure-response trend (p-trend +0.001) was reported, with the no exposure group as the
referent. Thisfinding was reported among 4 'small number of dicamba-exposed cases (n = 11). The
study was moderage;and limitations included the multiple comparisons without statistical correction,
confounder adjustmients that suggest there may be issues with samples size and/or the statistical
model/statistical analysig fand a first time finding that replication of future studies.

3.7.2 Noncarcinogenic Heglth Outcomes

Non-carcinogenic health outcomes were examined in 45 epidemiologic studies on 26 different adverse
health outcomes. OPP concluded there was no epidemiological evidence of a clear associative or causal
relationship between dicamba exposure and the outcomes: rheumatoid arthritis, depression, dream
enacting behavior, monoclonal gammopathy of undetermined significance, sleep apnea, stroke, suicide,
and other thyroid disease. This conclusion was based on evidence that was limited to a one or two studies
on each health outcome that reported no evidence of a positive association between dicamba exposure and
the health outcome of interest (e.g., reported OR effect estimates were < 1.0).
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OPP concluded there was insufficient epidemiological evidence of a clear associative or causal
relationship between dicamba exposure and the remaining health effects: allergies, amyotrophic lateral
sclerosis (ALS), autoimmune disease (antinuclear antibodies), birth defects, birthweight, diabetes, end
stage renal disease, eye disorders, fatal injury, myocardial infarction (MI), olfactory impairment
Parkinson’s disease (PD), respiratory effects (asthma, chronic bronchitis, rhinitis, wheeze), hyperthyroid
disease, and hypothvyroid disease. The majority of these effects were also only investigated in a single
study population, and frequently reported no evidence of a significant positive association (e.g., OR >
1.00 but not significant). Given the limited number of studies available for each outcome, there was
generally minimal confidence in the available evidence, so additional epidemiological evidence could
substantively affect the overall magnitude or direction of any observed gssocidtions. Further information
on the evidence for each health is summarized below.

clear associative or causal relationship between dicambg expostire and allétgy, One study (Weselak et
al., 2007) examined the association between dicamba gxposuré:during pregnaiicy, and allergy among
offspring among the participants Ontario, Canada; and reported no evidence of & significant positive
association between dicamba exposure during preguancy and allergy or hayfever inigffspring, among
a small number of cases. The study was ranked modetageiquality atid limitations included; the
potential for recall bias, exposure misclassification, and Giteome miselassification. We alsginotethe
small number of dicamba exposed cases.

e For amyotrophic lateral sclerosis (ALS), there isnsufficient epideniitlogical evidence at this time to
conclude that there is a clear associative or'‘¢ausal tilationship betwesn dicamba exposure and ALS.
This determination was made based on one study (Kamehet al., 2012) that reported no evidence of a
significant positive assogidtion, among a small'tiumber of ¢ases. The quality of'the study was ranked
high and strengths ietudedtlie prospective cohort studydesign, dase ascertdinment, and exposure
assessment.

e For antinuclear antibodies- g market of autoimmune disease, there is insufficient epidemiological
evidence:dt thistime to conelude that there is a clear assogiative or causal relationship between
dicariba exposure aiid autoimnnine disease "This determination was based on one study, Parks et al.
(2019), that examined e association betweenidicimba eXposure and risk of autoimmune disease
amang:a subset of the AHS prospective, cohort popilation enrolled in the Biomarkers of Exposure and
Effect i Agriculture sub-Gohout. Parksietal. (2019) reported no evidence of a significant positive
associatiag hetween dicambaigxposure ane biomarkers for autoimmune disease. The quality of the
study was ragked moderate and benefited from the general strengths of the AHS, including the
prospective colpit.study design aid the exposure assessment approach which examined cumulative
lifetime exposuré o dicamba. The study relied on self-reported doctor diagnosis of autoimmune
disease at enrollment which was 4 sfudy limitation, rather than clinical or medical record
confirmation.

clear associative or causal relationship between dicamba exposure and birth defects and spontaneous
abortion. This determination was based off of four publications (Arbuckle et al., 2001; Meyer et al.,
2006; Weselak et al., 2008; Yang et al., 2014) that examined the association between dicamba
exposure and birth defects. Two publications (Arbuckle et al., 2001; Weselak et al., 2008) utilized the
Ontario Farm Family Health Study (OFFHS), a population-based retrospective cohort study
conducted i Canada, to evaluate the effect of dicamba on spontaneous abortion and birth defects and
reported no evidence of a significant positive association between dicamba exposure and spontaneous
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abortion and preconception dicamba exposure and birth defects, among a small number of cases
(Weselak et al., 2008). When stratified by gender, evidence of a moderately strong positive
association was reported between preconception dicamba exposure and birth defects in male
offspring, among a very small number of exposed cases. Both studies were ranked moderate quality
and both had limitations including the potential for recall bias, exposure misclassification, and
outcome misclassification. The third (Meyer et al., 2006) and fourth studies (Yang et al., 2014) used
birth registries and maternal residence to geospatially assign prenatal dicamba exposure to assess the
association between dicamba exposure and hypospadias and neural tube defects and orofacial clefts.
Meyer et al. (2006) reported no evidence of a positive association betwgen prenatal dicamba exposure
and hypospadias in male offspring in Arkansas. Yang et al. (2014) used California registry data on
birth defects and healthy births to identify cases and controls andiCA PUR to dscertain exposure to
dicamba and reported no evidence of a significant positive assogiation hetween dicamba exposure
based on maternal residence at birth and cleft palate in offspritie. As suchiboth studies had similar
strengths, but had substantive limitations in their exposuggiassessment bécauae it is unclear if living
within a certain distance (500m or 1,000 m) of agriculture Tand is'a reliable tlicator of maternal
exposure to dicamba. Furthermore, we note the very small number of exposed ¢left palate cases
which severely restricts the ability to interpret with confidence the observed odds'tatios.

e For birthweight, there is insufficient epidemiological evidenige at this time to conclude thaf thereids a
clear associative or causal relationship between maternal divambig'éxposire and birthweight i
children. This determination was basedibti:one AHS study, Sathyanarayana et al. (2010), that reported
no evidence of a significant association betwesn mother’s ever use ¢f dicamba and offspring’s
birthweight. The study quality was ranked Tow:dueito the cross-sectigial study design since
temporality for exposure in relation to the oufgomecoiild not be determined,

e For diabetes, there js insufficienizepidemiologicalevidegnce at thisitime to coniclude that there is a clear
associative or cayiialrelationship bétween dicambaigxposure and diabetes’ This determination was
based on two availablgstudies (Mantgomery et al., 2008; Starling et al., 2014). Montgomery et al.
(2008) reported no evidenice of a pasitive association between ever use of dicamba and diabetes
among AHS:pesticide applicators anid.Starling et al. (2044) reported no evidence of a significant
positive associgtionamong wives of pesticide applicators: Bgth studies were ranked moderate quality
and study limitations fngluded selfireportedidiagiiosis of diabetes, the inability to control for diet and
eXercise, and possible Selection biag i Montgomiery ef al. (2008) since a large number of participants
who'didinot complete a follow-up questionnaire might have been diabetic at study enrollment.

¢ For end-stagg venal disease (ESRD), there 18 iusufficient epidemiological evidence at this time to
conclude that thiege, is a clear assggiative oricausal relationship between dicamba exposure and ESRD.
This determinatiti was based on iwo available publications (Lebov et al., 2015; Lebov et al. 2016).
Lebov et al. (2015) ¢évgluated the gssociation between dicamba exposure and ESRD among the wives
of pesticide applicatorsienolled fn'the AHS. No evidence of a significant positive association was
reported between indirect'dicimba exposure and ESRD based on ever/never use, and no evidence of
an exposure-response trend was observed. The overall quality of the study was ranked moderate.
Study limitations includedthe indirect assessment of pesticide exposure for applicator wives using
husband’s use information as a surrogate. This approach has not been validated and may not be a
reliable proxy for direct dicamba exposure by female spouses. Lebov et al. (2016) directly assessed
dicamba exposure and ESRD among male pesticide applicators and reported no evidence of a
significant positive association based on intensity-weighted lifetime days of exposure, with the no
exposure group as the referent. The overall quality of the study was ranked high.
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e For eye disorders, there is insufficient epidemiological evidence at this time to conclude that there is a
clear associative or causal relationship between dicamba and eye disorders including age-related
macular degeneration (AMD). This determination was based on two available studies (Kirrane et al.,
2005; Montgomery et al., 2017) that examined eye disorders among the participants of the AHS
cohort. Kirrane et al. (2005) reported no evidence of a significant positive association between
dicamba exposure and retinal degeneration among wives of farmers in a cross-sectional analysis and
was ranked low quality. In an update to Kirrane et al. (2005) that included longer follow-up time,
Montgomery et al. (2017) reported evidence of a positive association in the highest exposure category
of cumulative days of dicamba exposure and AMD, among a small number of cases. No evidence of a
significant positive association was reported for any other exposure ¢ategory, The study quality was
ranked moderate.

clear associative or causal relationship between dicamba exposute and fatal yiyury. This determination
was based on one available study (Waggoner et al., 2013) that'reported no evidence of a significant
positive association between dicamba exposure aid fatal injury among male pesticide applicators in
the AHS. The study quality was ranked low. The progpective study design and collég¢tion of mortality
data available through the National Death Index were'stidy strengths; however, it is ngt ¢lear if
pesticide use at enrollment is a valid measure of exposure diring the fime interval that preceded fatal
injury, as more pesticide use could béian indicator of use of e Compléx farm equipment which
would increase risk of fatal injury.

e For myocardial infarction, there is insufficient epideiniological evidernceiat this time to conclude that
there is a clear associative or causal relationship between dicamba and mygeardial infarction (MI).
This determination wagBased.on two available publications on.the AHS, Mills'et al. (2009) and
Dayton et al. (2010) Mills'et a1 1(2009) examineid theassociationibetweendDDVP exposure and
myocardial infaretion. (MI) among male pesticide apiplicators in the AHS, and reported no evidence of
a significant positiveiassociation for either non-fatal'MI and fatal M} and dicamba exposure, based on
ever/never use. Dayton‘et al. (2010} reported no evidenge of a positive association between dicamba
exposurg.and:MI among waten inithe AHS. The study Guality of both studies was moderate. Study
limitations meludedia limitediamonnt ot régistry data available for non-fatal M1 relative to fatal MI,
and a'shorter followsup period fog honfatal M relative to.fatal MI. An additional limitation in the
evaliation of non-fatal Ml iwas that ggpertainment'rélied on self-report and could have resulted in
misclassification.

e For olfactory itnpairment, thereisiinsufficient epidemiological evidence at this time to conclude that
there is a cleargsspciative or caugalrelationship between dicamba exposure and olfactory
impairment. This‘détermination wag based on one available study, Shrestha et al. (2020a), that
reported no evidenceénfia significant positive association between intensity-weighted lifetime days of
dicamba exposure and elfdctory. dmpairment among pesticide applicators in the AHS. The quality of
the study was moderate, and fhie'self-reported outcome was a limitation.

¢ For Parkinson’s disease (PD), there is insufficient epidemiological evidence at this time to conclude
that there is a clear associative or causal relationship between dicamba exposure and PD. This
determination was based on two available studies (Kamel et al., 2007; Shrestha et al., 2020b). Kamel
et al. (2007) reported no evidence of a significant positive association between dicamba exposure and
incident Parkinson’s disease among study participants enrolled in the AHS. The study quality was
ranked moderate. Study limitations included recall bias, the lack of clinical confirmation of self-
reported PD cases, and the diagnosis date and duration of pesticide use data was unknown for
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prevalent PD cases. Shrestha et al. (2020b) further assessed cumulative, lifetime dicamba use among
the AHS applicators and reported no evidence of a significant positive association between dicamba
use and mcident PD in the any exposure category of IWLD of dicamba use and no evidence of a
significant exposure-response relationship.

e For respiratory effects (asthma, chronic bronchitis, rhinitis, and wheeze), there were eleven cross-
sectional studies that included ten studies of the AHS cohort (Henneberger et al., 2014; Hoppin et al.,
2002; Hoppin et al., 2006a; Hoppin et al., 2006b; Hoppin et al., 2007; Hoppin et al., 2008; Hoppin et
al., 2009; Hoppin et al., 2017; Slager et al., 2010; Valcin et al., 2007 andione study of a Canadian
cohort (Weselak et al., 2007). These studies generally reported no gyidence of significant positive
association for maneb/mancozeb and were limited in quality begausethey all relied on cross-sectional
study designs and were unable to assess the temporal relationghip between maneb/mancozeb exposure
and respiratory effects.

For the respiratory effect of asthma, there is insufficient epidemiological evidénce at this time to
conclude that there is a clear associative or causal relationship between dicamba‘exposure and
asthma. This determination was based on four dvaitable publications (Weselak et ali{ 2007, Hoppin et
al., 2008; Hoppin et al., 2009; Henneberger et al., 2014} that examiried the association'bébween
dicamba exposure and asthma among the AHS populatiotiand the ¢hitario Farm Family Health:8tudy
population. Weselak et al. (2007) repogted no evidence of a‘positive association between dicamba
exposure during pregnancy and asthma in ¢ffspring in Ontariofarim families. The study wis moderate
quality and was limited by the retrospectiveiapgsroach to gathering gtitcome and exposure
information, potential for recall bias, and tig, selirgported outcome. “Ehg three additional studies
examined the association between dicamba exposuréignd:asthma in crosg:sectional analysis among
adults in the AHS cohertiand reported no evidesice of a sighificant positive gssociation between
dicamba ever use agd inenangd women in the AHS, Thequality of cach of flie three AHS studies was
low due to the crgis-sectional study:design as tempirality for expogsuieinirelation to the outcome
could not be deterniiiier], Additionglly, the studies refied on self-repagt of the outcome.

e For the respiratory effect chronic browehitis, there is insufficient epidemiological evidence at this time
to convtude thatithereds a clear g8sociative r.causal relationship between dicamba exposure and
chrotic bronchitis. ‘Fhrespublications (Weselak etinl., 2007; Hoppin et al., 2007; Valcin et al., 2007)
examined the association between digamba expostreignd chronic bronchitis among Ontario farm
familigs and the AHS prospective cohort population and reported no evidence of a significant positive
association between dicambaiexposure and ¢hronic bronchitis among men and women in the AHS
and among'offspring (exposedthrough parentsuse during pregnancy) in Ontario. Weselak et al.
(2007) was moglerate quality and was limited by the retrospective approach to gather exposure and
outcome informatiniy, The three AHS publications were low quality and used cross-sectional study
designs to assess the gssociation between dicamba and chronic bronchitis. As such, the studies were
unable to assess the tenipdral association between dicamba exposure and chronic bronchitis.
Additionally, studies faileditgiask their study participants about respiratory signs and symptoms
during enrollment. Since regpiratory signs and symptoms are helpful in diagnosing chronic bronchitis,
this medical information could have provided increased confidence in the diagnosis, potentially.

¢  For the respiratory effect, rthinitis, there is insufficient epidemiological evidence at this time to
conclude that there is a clear associative or causal relationship between dicamba exposure and
rhinitis. This determination was based on one available study (Slager et al., 2010) that examined
dicamba exposure and rhinitis among private pesticide applicators and reported no evidence of a
significant positive association based on ever use. The overall quality of the study was ranked low.
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The cross-sectional study design was a main limitation since temporality for exposure in relation to
the outcome could not be determined. Additionally, the study relied on self-report of the outcome.

e For wheeze, there is insufficient epidemiological evidence at this time to conclude that there is a clear
associative or causal relationship between dicamba exposure and wheeze. This determination was
based on four publications (Hoppin et al., 2002; Hoppin et al., 2006a; Hoppin et al., 2006b; Hoppin et
al., 2017) that examined the association between dicamba exposure and wheeze among participants of
the AHS prospective cohort. Hoppin et al. (2002), Hoppin et al. (2006a), and Hoppin et al. (2006b)
reported no evidence of a significant positive association between dicgmbia exposure and wheeze
among AHS pesticide applicators based on ever use of dicamba in the past year. Hoppin et al. (2017)
reported evidence of a positive association between dicamba usg iti the past year and allergic wheeze
and non-allergic wheeze, based on ever use. In the exposure response gnalysis, evidence of a positive
association was reported in the highest exposure category, of ‘aflergic whiegize and in three of the four
lowest exposure categories for nonallergic wheeze. The:authorsidid not repoyt.a p-trend statistic for
the exposure-response analysis for either allergic or gigni-allergic wheeze and'tdigamba; however,
inspection of the ORs associated with each categgty suggests an exposure-response;trend may not
exist for either allergic or non-allergic wheeze#AW ot studies were ranked low qulity, as they
relied on a cross-sectional design that was unable to asgess the temporality of the relatipgiship between
dicamba exposure and wheeze. Additionally, health outéonies wege self-reported.

e For hyperthyroid disease, there is no epiderriological evidence st this time to conclude that'there is a
clear associative or causal relationship betwes dicamba exposureind hyperthyroid disease. This
determination is based on three publicationsi{Golduier.et al., 2010. Shrgstha et al., 2018b; Shrestha et
al., 2019) that reported no evidence of a significant pasitive association‘agieng wives of pesticide
applicators and pesticide#@pplicators in the AHS: population. Goldner et al/{20:10) was cross-sectional
in study design and.gs'such;'sasiunable to assessithe tehiporaliassociation between dicamba exposure
and hyperthyroididisease and was ranked low quality; Shrestha et'al, {2108b) and Shrestha et al.
(2019) were both ranked moderate giiality and were prospective in nagtire. However, both studies
relied on self-reported hypertiyroidism even though the study authors attempted to clinically confirm
some of theseases via mediedlrecord eonfirmation. Poteritial selection bias was also likely assuming
study:subject participation in‘the foltow upphases was relatéd to their disease status for
hyperthyroidism. A additional lipsitation ofigll three publications was that only ever use of pesticides
prior to enrollment wasicaptured rather than pesticigde itse that occurred after enrollment and this may
haveledito exposure misclgssificationt

¢ For hypothyroid disease, thereis insufficient epidemiological evidence at this time to conclude that
there is a clearigssociative or caugalirelationiship between dicamba exposure and hypothyroid disease.
This determinatitil was based on five publications (Goldner et al., 2010; Goldner et al., 2013;
Shrestha et al., 2018b; Shrestha etal., 2018c¢; Lerro et al., 2018) that examined the relationship
between dicamba exposire.and lypothyroid disease among AHS study participants and reported
mixed results. Goldner et'gl, {2010) and Shrestha et al. (2018b) reported no evidence of a positive
association between dicambst'ever use and hypothyroid disease among female spouses of pesticide
applicators enrolled in the ’AHS. Among male pesticide applicators in the AHS, Goldner et al. (2013)
reported evidence of a slight positive association among male commercial and private pesticide
applicators in the AHS, while Shrestha et al. (2018¢) with longer follow-up time, reported evidence of
a slight positive association between dicamba exposure and hypothyroid disease among private
pesticide applicators enrolled in the AHS. Shrestha et al. (2018c¢) also reported evidence of a positive
association in the middle and high exposure categories of intensity-weighted lifetime days of dicamba
use and no evidence of an exposure-response trend among private applicators in the AHS. Although a
prospective cohort study design was used in Goldner et al. (2013), the study was ranked moderate due
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to the self-reported diagnosis of thyroid disease, and Goldner et al. (2010) was ranked low due to the
cross-sectional study design as temporality for exposure in relation to outcome could not be
determined. Shrestha et al. (2018b) and Shrestha et al. (2018¢) were prospective cohort studies with
longer follow-up time and were ranked moderate. Several limitations were noted including the self-
reported hypothyroid disease and the possibility of selection bias if study participation in the follow-
up phases was related to their disease status for hypothyroidism. The overall evidence for these
outcomes, however, was considered insufficient because: (i) the available AHS studies had
substantive limitations related to the assessment of only ever-never use of dicamba, (i) self-report of
hypothyroid disease; and (iii) there was no supporting information fropi pther study populations to
validate or corroborate the findings from the AHS cohort.

4 OVERALL CONCLUSION

For this Dicamba Tier IT Incident and EpidemiologyBeport, HED found that overall, the majority of
dicamba incidents were low in severity (84% in IDS, 86% i1t SENSOR:-Pesticides, NPIC69%0). IDS,
SENSOR-Pesticides and PISP identified that most incidentsiinvolved homeowners exposed either when
applying the product or through spills/splashes of the product. "Mast often these exposures were to
lawncare products with more than one active ingredient. In addition;postapplication exposure#o non-
applying members of the household following application were reported. Among the occupational
exposures to dicamba, these too primarily involved éxposures while applying the pesticide, several of
these involved application equipment failures; se¢ondly several agriculturalverkers were directly hit with
the pesticide spray during asi 4¢tive pesticide appli¢ation. Acriss all four incident databases reviewed,
there was a total 29 of spray driftirelited exposures. ‘Bicamiba cases offen reported adverse dermal,
respiratory, and gastrointestinal health éffects. Many cises also reported adveérse gastrointestinal and
ocular health effects.

HED conduetédiaisystematic revigw of thesepidemiologic litérature on dicamba in order to assess the
epidemiglogic evidénce on the potential adversgietfects of dicaniba exposure, and identified 78
publigations that investigated:a rangéofhealth citteonies, ineluding 33 studies on carcinogenic health
outomesand 45 on the nonigareinogenig butcomes. Thergiwere individual studies that identified positive
association between dicamba ang spme adverse health effects, the overall evidence was based on a small
body of studigsifi.e., typically only éne or twa stdies per health outcome) that often had substantive
limitations withiredpect to their study design, exposure assessment approach, or outcome assessment. As
such, HED concludedithat overall, there was insufficient epidemiologic evidence to suggest a clear
associative or causal tgldtionship exists between dicamba exposure and the adverse health effects
examined in the available gpidemiologic literature. The Agency will continue to monitor the
epidemiology data and — if'4 doncernis triggered — additional analysis will be conducted.
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6 APPENDIX A: SUMMARY OF INCIDENTS REPORTED

| Table 1 Sinele Inoredient Dicaniba Incidents Reported 1o Main IDS from 2015 10 July 31, 2020

Incident
Packuoe | Incident Reg PC Txposure
(Report {Date ) Location | Number duct Name || Code | | Severity | | Incidemt Deseripion.
No or Drift complaints fisvolving the application of dicamba products
028970 - NOT unknown |:cotton fields, soybéas fields and a commercial tomato production
00001 6/22/2016 | MO REPORTED 029801 [“symptoms | figld.
An adult male was driving his vehicle and was hit by the New
Mexico:Highway Departmient with product spray. Within a couple
hours he developed blurry vigion, upset stomach, and his skin felt
odd. He went to the ER, they recommended showers and performed
029268 - 000100- | VANQUISH blowd tests. The next day, he experienced nausea, blurry vision and
00001 8/2/2016 | NM 00884 HERBICIDE 128931 inModerate | musifenveakness.
An aduli male who works with the product was exposed to the
product twice the first exposure, He was pouring the liquid
concentratdiand it splashed on his arms. He developed a severe
reastion with a bad skin rash. He went to the ER and was treated
witli i steroid and antibiotics. His facility turns the product in to
powder to make PVC covered polyester yam. Two weeks later, he
030207 - 000100- | "V ANQUISH came into contact with the powder and developed a rash. He was not
00031 6/28/2017 | AL ! 00334 HERBICIDE 128931 | Moderate | wearing PPE.
An adult female's yard was treated with the product by mistake. She
has been experiencing pain in her nose, itchy skin, burning eyes,
VANQUISH pain in her lungs, trembling, fatigue, breathing, difficulty, nausea,
030490 - 000100- | HERBICIDE abdominal cramps, dizziness, and yellow secretions from her eyes,
00005 9/20/2017 00884 (PCF} &8931 Moderate | ear pain, sinus pain, throat pain. She has preexisting asthma.
—t' An adult male used the product spraying about 4000-5000 liter per
day. At the time of exposure, he developed nausea, vomiting,
030774 - VANQUISH coughing, muscle weakness and dizziness. Two years post exposure,
00002 1/12/2018 HERBICIDE 128931 | Moderate | he developed pulmonary issues.
A 65 year old male was cutting weeds in a field. That night he
XTENDIMAX developed a fever of 103. The next day he went to the ER and was
WL diagnosed with sepsis. A farmer in another field across the road was
031356 - 000524- | VAPORGRIP spraying the product. There is no known direct contact with the
00001 7/8/2018 | KS 00617 TECHNOLOGY | 128931 | Moderate | mist. He also had a tick bite.
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| Table | Sinele Ingredient Dicaniba Incidents Reported to Main 1DS from 2015 te luly 31, 2000

Incident .
Package | Incident Reg PO Exposure
Report Date Location | Number | Product Naine Code Severit Incident Description

FROM
MONSANTO

XTENDIMAX
WITH

033142 - 000524- | VAPORGRIP A warehouseHiiafiager states that the product makes his employees
00001 4/8/2020 | OK 00617 TECHNOLOGY | 128934 | Moderate | noses bleed.

oved down [1]: Table 2. Multiple Al Dicamba Death and
Vajor Severity Incidents Reported to Main [DS from 2015 to July
1, 2020

“Moved {insertion) [1]
i Formatted Table

ol S

Exposure

Location PO Code Severd Incident Deseription
A senior (>64 years old) male sprayed the product.
Within approximately 30 minutes, he began to develop
ALL-IN-ONE <ye trritation and lung irritation and was subsequently
LAWN WEED & Seen at the local ER. Following a medical evaluation, he
002217- | CRABGRASS 029802, was found do have blood clots in his lungs. The
030403 SMITHTOWN, «"00884:, | KILLER READY- 128974, physicians do not think that his use of the product is
- 00011 8/7/2017 | NY 072153 | TO-USE SPRAY 030619 Major related to the events.
.,T. A 68 year old male applied the product over a three week
Q4 PLUS TIIRF period. He was admitted to the hospital with hives,
HERBICIDE EOR 129081, itchiness, blurred vision, eye swelling and partial body
GRASSY & 128974, paralysis. The physicians determined that his symptoms
030497 WEW YW ORK, 002217 BROADIL EAF 30019, were related to his blood pressure medication and not the
- 00002 9/15/2017 | NY 00930 WEEDS 029802 Major product.
SPECTRACIDE 030019, An adult male was exposed to the product when the hose
SAN 009688- | WEED, STOP FOR 029802, adapter attached to the bottle blew off and the product
032021 ANTONIO, 00342- LAWNS 031520, got into his eyes. He experienced seeing spots and
- 00002 3/25/2019 | TX 008845 | CONCENTRATE 2 | 129081 Major having trouble seeing.
SPECTRACIDE
WEED'STOP FOR
LAWNS PLUS 129081,
009688- " CRABGRASS 128974, 46 year old male ingested 1/3 of a bottle of herbicide.
032461 00337- KILLER 3 030019, He experienced drowsiness, hypersecretions and was
- 00023 7/3/2019 | MOBILE, AL | 008845 029802 Major intubated.
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And

DIESEL FUEL
(GENERAL
FORMULATION)

. Moved (insertion) [1]
Formatted Table 3

Mo’

SPECTRACIDE
WEED STOP FOR
LAWNS

62 yearigldimale has presented to ED and admitted with
suspected@rganophosphate poisoning. He had been
applying Speciravide Weed Stop For Lawns and was also

and using 30 Seconds Oiitdoor cleaner. He was found down
by spouse later jfi'evening. He presented with bad rash
30 SECONDS and blisters all over his body with increased oral
009688- | OUTDOOR 029802, secretions, lacrimation, watery yellow diarrhea and
032461 SEATTLE, 00109- | CLEANER - 430019, altered mental status requiring intubation. Self-harm was
- 00036 7/27/2019 | WA 008845 | CONCENTRATE 031520 Major not expected.
SPECTRACIDE
009688-"1"WEED & GRASS 122809,
032489 HERSHEY, 00265- | KIELER 029802,
- 00001 9/4/2019 | PA 008845, | CONCENTRATE 2 | 032201 Death Suicide - male ingested an entire bottle of the product.
ELIMINATOR An adult male sent a letter to the company stating that
000478-%) BAWN WEED 030019; the product caused respiratory problems and that the
032714 NEW CANEY. [:00121- KILLER READY- 031520, product was harmful, fatal to breath, and that he
-00013 | 11/29/2019 | TX TOSPRAY 029802 Major developed severe respiratory problems.
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-j‘ Bt o oo bt 3 X 4 S e B
Incident

Packace | Incident Reo Po Exposure

Report | Dage Location Number | Product Name Code Severity. | Incident Description

Laller reports that he was using these products at his
homeiabout 8 days ago and thinks he may have gotten an
expostitdito some of the powder when the air was
blowing:{ dller says he did not have long sleeves so it’s
possible thiaythe product could have gotten on him.
Caller is really uicertain as he doesn't remember being
exposed to the produet but 5 days later, he began
developing a rash #tching and red skin over 50% of his
body including his arms and all of his back. Caller's wife
came on the phone and explained that the itching was
keeping him from sleeping at night, so they went, in, to
an Urgent Care Clinic today to get some relief for him.
‘Ihé doctors were unsure what is causing the AE and had
asked about anything new that they may be using. Caller
Teports that he has used the product in the past and he's
never found himself to be allergic or sensitive to

. Moved (insertion) [2]

Mo’

i Formatted Table

i with an ™ are also histed in Table 2. M

tsie Al Dhe

BIANGVA anything. The doctors aren't sure what is causing the
ADVANCED 3-IN-1 080818, reaction but have prescribed Kenalog Cream,
032149 FORT WORTH:.| 092564-" WEERD'&FEED FOR | 119631, Triamcinolone, Atarax and a Pyrethrin as they are also
- 00005 3/27/2019 | TX 00061 SOUTHERN EAWNS | 029801 "] Moderate | treating for a possible case of scabies.
BIGADVANCED
SCIENC E-BASED
SEASON.1LONG 129043,
WEED CONTROL 125851,
033135 092564- | FOR.LAWNS 119046, a 32 year old male intentionally ingested 24 oz of home
- 00001 | 12/25/2019 | CA 00043 CONGENTRATE 030019 | Minor use 2,4-D/Dicamba in an apparent self-harm attempt.
j BIOARVANCED 39 year old female reports that she used the product to
ALL:MN-ONE LAWN | 030019, spray her backyard on 7/14/2019. She says she began
032441 LOS ANGELES, | 092564- | WEED & 128974, spraying, and almost immediately, began to have a
- 00002 7/14/2019 | CA 00042 CRABGRASS 029802 | Moderate | chemical taste in her mouth. She reports that her tongue

Deatl syl b

daior ey

v Incidents Reported to Mam 1035 fro

015 40 July
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7

incident
Package | Incident Reg
Report | Dage Location Number

A

Product Name

KILLERI READY
TO-SPRAY

Exposure

Severity

Incident Description

and lips were hurting and felt it was swelling, she felt
tightness in her chest and was having shortness of breath,
nasal, oral and respiratory irritation and excessive
salivation. In addition, her hands were itching, and she
sa¥i she was wearing gloves, so she has no idea how any
produgtiset onto her hands. She reports that she called
Poison Gpntrol and they suggested that she'd been
poisoned by something. They recommend that she go to
the ER for an‘evaluation. Caller reports that the
symptoms didn'tamprove but she had no way to go to the
ER as she had a synall child and there was no one to care
for the child if she went to the hospital. She denies using
any therapies or treatments during the next 4 days. She
says her husband was out of town and was to return on
7/18/2019 so she waited. By that time, she was still
having the same effects and she had, also, started having
diarrhea. She reports that her mouth and lips were dry
and painful, but her lips were, also, numb. Her lymph
nodes seemed swollen and she was having muscle
cramps. She reports that her speech continued to be
slurred so when her husband arrived, caller went to her
local ER and this was about 1:00 am. When she got there
and explained her symptoms., they took her in,
immediately, Caller says they did some unspecified
blood work and a chest X-Ray. She was told that both
results were good. She was told she has a chemical
exposure and should follow up with and ENT and with
her PCP. She was also told to get plenty of fresh air and
to avoid chemicals, including any detergents. She reports
that the doctors told her that they didn't think this was an
allergic reaction but suggested she try taking some
Benadryl to see if it would help. Caller says she came
home and did try Benadryl with no improvement. She
made an appt. for 7/23/2019 with an ENT specialist and
has an appt. with her PCP on 7/25/2019. Caller feels
shie's been poisoned and says the product did not
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{:Moved {insertion) [2]
i Formatted Table }

Mo’

recommend or require the use of any protective gear or a
mask.
A 71 year old male sprayed the lawn using this product.
He did not have gloves on and had canvas shoes with
holes in them. A couple areas he overlapped, so his feet
got wet. When he was done spraying, he went and took
off his shges and washed feet and hands with soap and
water. Caller reports he still has symptoms on his right
BIOADVANCED hand and bilateral feet. He describes his symptoms as
SOUTHERN WEED dry, cracked, pedlingiskin that is dry underneath 'like a
KILLER FOR, 029802, sunburn'. He has been applying honeybee lotion and gold
033124 MOUNT DORA, | 092564- | LAWNS REARY-TO- | 030019, bond with aloe to help soothe symptoms. He denies any
- 00002 2/27/2020 | FL 00004 SPRAY 031520 | Modérate | blisters or open areas at this time.
A 27 year old male got sprayed in the face with the
032314 034704~ 030019, product. He washed his face with soap and water. He
- 00021 6/4/2019 | DAYTON, TX 00869 RIFLE-D HERBICIRE | 029807 '\ Minor gaperienced a headache.
1LERCO THREE-WAY. | 031520, An adult female experienced eye irritation after her
032277 FORT (410404- | SELECTIVE 429802, apartment complex was sprayed and the vapors came in
- 00002 6/24/2019 | COLLINS, CO 00043 | HERBIGIDE 1030019 | Minor through the window.
LESCQ THREE-WAY | 630019, an adult male used the product and a small amount hit his
032277 010404- - SELECTIVE 029802, lips. He washed his lips for 15 minutes. He experienced
- 00003 4/16/2019 | TULSA; QK 00043 HERBICIDE 031520 .4 Minor swollen lips.
LESCO THREE-WAY | 030019
032485 BETHESDA, 0T¢404- | SELECTIVE 031520, | No
- 00001 7272019 #MB 00042 "+ HERBICIDE 029802 | Effects An adult female had skin exposure to the product.
LESCO THREE-WAY | 031520, An adult male was praying the product and some of it got
033353 010404- "SELECTIVE 030019, | No on his face. He flushed his face with water. He did not
- 00004 4/2/2020 | DURHAM, NG 00043 HERBICIDE 029802 | Effects report any symptoms.
SPECTRACIDE 030019, An adult male was exposed to the product when the hose
032021 009688- | WEED STOP FOR 029802, adapter attached to the bottle blew off and the product
- SAN ANTONIO, | 00342- LAWNS 031520, got into his eyes. He experienced seeing spots and
00002* 3/25/2019 | TX 008845 | CONCENTRATE 2 129081 | Major having trouble seeing.
129081,
032461 009688- | SPECTRACIDE 128974, 46 year old male ingested 1/3 of a bottle of herbicide.
- 00337- | WEED STOP FOR 030019, He experienced drowsiness, hypersecretions and was
00023* 7/3/2019 | MOBILE, AL 0083845 | LAWNS PLUS 029802 | Major intubated.
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7 g T T T TR T
Incident
Package | Incident Reg PC Exposure
Report | Date Locution Number | Broduce Mame Code Severity | Incident Description
CRABGRASS
KILLER 3
67 year old female used Spectracide Weed & Grass
009688- | SPECTRACIDE Q32201; Killer 3 10 days ago. Said patient got product in both her
032551 CLARKSVILLE, | 00293- | WEED & GRASS 122809, eyesiiA week later, she experienced feeling like she is
— 00032 8/27/2019 | IN 008845 | KILLER 3 029802 | Moderate | "lookisig through liquid" and frequent headaches.
SPECTRACIDE
032489 009688- | WEED & GRASS 122809,
- 00265- | KILLER 029802,
00001* 9/4/2019 | HERSHEY, PA | 008845 | CONCENTRATE 2 032201 | Death Suicide - male ingested an entire bottle of the product.
SPECTRAGIDE
009688- | WEED & GRASS 029802, 60 year old male drank 1/2 bottle of product. He
032639 00265- KILLER 032201, experienced vomiting, shortness of breath, diarrhea,
- 00012 9/4/2019 | HERSHEY, PA 008845 | CONCENTRATE 2 122809 | Modetate:| confusion, auditory hallucination and delusion.
SPECTRACIDE “f
009688 1:WEED & GRASS 032201,
032714 PANAMA QU265 BILLER 122809, an adult male used the product which leaked on his back
-00004 | 10/10/2019 | CITY, FL 4008845 | CONOENTRATE 2 009802 | Moderatesi| while spraying his yard causing irritation to his skin
a 78 year old male sprayed some Spectracide Weed &
Grass Killer and he developed flu like symptoms along
with a fever. He was taken to his physician and was
treated with medication and felt better for about a week
009688- | SPECTRACIDE 122809, or so then the body aches and joint pain returned. He has
032551 MANAKIN 002082 WEER & GRASS 032201, preexisting heart condition and HBP. Caller states that
- 00023 8/5/2019 #SABOT, VA 008843 1 KILLER $29802 | Moderate | his HBP has been much higher since exposure.
&i‘ Consumer stated she never actually purchased the
product. Consumer picked product up from the shelf, at
Lowe's, and while carrying it to the counter, noticed it
was leaking. By the time consumer got to the check-out
counter, the product had dripped all over her clothes and
was on her hand. Consumer stated, afterwards/ she went
UNKMNOWN to the hospital because her hands had become irritated
009684%- 1 (SPECTRACIDE 122809, and red. Consumer was prescribed a prescription/ for a
033154 LUMBERTON, | 00208-" | WEED & GRASS 029802, creamn, to put on her hands and other parts of her body,
- 00002 | 12/29/2019 | NC 008845 KILLER) 032201 | Moderate | where the chemical contacted.
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i 3 i 1o s B W " {:Moved (insertion) [2]
Incident i Formatted Table }
Package | Incident Reg PC Exposure

Report | Dage Location Number | Product Name Code Severity. | Incident Description

Caller applied to lawn in the rear and front. His daughter
(5 year old) developed a rash. It started out small and
now it is covering her whole body. She was taken

Mo’

dermatologists and pediatrician, but they were not sure
whit was wrong with her. She was given some
009688- | SPECTRACIDE 029802, medication but doesn't seem to be working. He states that
032264 SYCAMORE, 00109- | WEED STOP FOR 131520, it is verviseldom that she plays outside, but she went out
- 00008 5/14/2019 | SC 008845 | LAWNS 030019 | Moderate | soon after he hiad sprayed.
62 year old male has presented to ED and admitted with
suspected organophosphate poisoning, was applying
Spectracide Weed Stop for Lawns at 1 700, last known
well time yesterday afternoon, ingestion vs dermal
exposure, was also using 30
Seconds Outdoor cleaner. Presents with bad rash with
blisters all over body with increased oral secretions,
032461 009688- | SPECTRACIDE 029802, lacrimation, watery yellow diarrhea with altered mental
- 00109- | WEED STOP FOR 030019, status requiring intubation self-harm, not expected was
00036* 7/27/2019 | SEATTLE, WA | 008845 | LAWNS 031520 | Major found down by spouse later in evening
WEERB GON PLUS r An adult male states that a few hours ago he was using
002217, | CRABGRASS 128974, this product and he thinks he may have inhaled some
032005 009914 CONTROL READY- 029802, during use, as he now has a blister on the roof of his
- 00001 2/8/2019 | VA 000239 " TO-USE 2 030019 .4 Moderate | mouth near the back of his throat.
G4 PLUS'TURE 59 year old female was spraying product using a
HERBICIDE FOR 128974, backpack sprayer. She said the straps got some on it
GRASEY: & 030019, when she filled it. She went in and took a shower after
032486 GREENEIELD, | 0022174 BROADEEAER 029802, using it. the next morning, she woke up with hives on her
- 00001 7/19/2019 | IN 00930 WEEDS 129081 | Moderate | arms, legs and groin. She has allergies to pollen.
WEED-B-GON MAX
002217- | PLUS/CRABGRASS 128974, a senior (>64 years old) male used this product, and
032486 00896- | CONJROL 030019, another yard product. The next day, he Is dizzy, has a
- 00003 7/27/2019 | IL 000239 | CONCENTRATE 029802 | Moderate | pressure in his chest and his arms feel "tough."
53 year old male was using these products at his home
TRIPLE ACTION about 8 days ago and thinks he may have gotten an
002217 | LAWN FERTILIZER | 030001, exposure to some of the powder when the air was
032149 FORT WORTH, | 00579- 'PLUS WEED 029801, blowing. He did not have long sleeves so it’s possible
- 00005 3/27/2019 | TX 072155 | CONTROL 129046 | Moderate | that the product could have gotten on him. He doesn't
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-j‘ Bt o oo bt 3 X 4 S e B
Incident

Packace | Incident Reo Po Exposure

Report | Dage Location Number | Product Name Code Severity. | Incident Description

033142
- 00001

4/8/2020

OK

000524~
00617

XTENDIMAX WITH
VAPORGRIP
TECHNOLOGY

128931

remember being exposed to the product but 5 days later,
he began developing a rash, itching and red skin over
50% of his body including his arms and all of his back.
He has used the product in the past and he's never found
himiself to be allergic or sensitive to anything. The
doctots gren't sure what is causing the reaction but have
prescribed Kenalog Cream, Triamcinolone, Atarax and a
Pyrethrin asithey are also treating for a possible case of
scabies. i

The warehouse manager said that Xtendimax makes his
employees’ noses bleed. He said he feels it is an unsafe
product and he only sells it because his corporate office
forces him to. He only has one experienced employee
that he feels is qualified to unload Xtendimax using a

Moderateii special respirator.

032714

00013*

10/17/2019

NEW CANEY,
X

000478-
00121-
008845

ELIMINATOR LAWN
WEED KILLER
READY-TO-SPRAY

030019,
031520,
029802

Major

An adult male sent a letter to the company stating that
the product caused respiratory problems and that the
product was harmful, fatal to breath, and that he
developed severe respiratory problems.

032543
- 00004

8/17/2019

MI

032138
- 00100

4/30/2019

000239:
02663

000228-
00555-

WEED B GON
CONCENTRATE

29802,
030019,
031520

Moderate

An adult male was exposed to the product that was in the
container on his back sun porch. He noticed a bad odor
and experienced difficulty breathing.

WEED B:GON WEED
KILLER FOR
LAWNS READF FO-
USE2

029801,
030019,
031520

Moderate

An adult female was watching TV and there was a
commercial on that said that if you have been diagnosed
with cancer in relation to the weed killer to call. Caller
says that she was diagnosed lung cancer 3 weeks ago.
Caller says that she has been smoking for many years.
Caller says that she is disabled and, in the house, alone
all the time.

032490
- 00001

8/17/2019

FL 000239

ASTORIA, OR

ORTHO GROUND
CLEAR

032202,
122809,
029801

Moderate

A duplex resident reported the use of Ortho Ground
Clear (diquat, dicamba, fluazifop-p-butyl) by a
neighboring owner outside her unit's open windows,
resulting in lasting odors and white residue inside her
home and symptoms for herself, her husband, 3-year-old
son, and 5-year-old daughter. Symptoms included
various skin/respiratory irritations.
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|
l Case | AoiNon- | Pesticide | Activity Exposure Application Medical Description MNarrative Description
Number | Asid) Type Site
W
2012 350 Non-Ag | Dicamba, | Applicator Direct Omamiental Some burning gensation A woman prepared to apply an
Mcpa, Spray/Squirt Lawns in eyes that "feli like herbicide using a hose end sprayer,
Triclopyr sand paper". but the sprayer was not threaded to the
Gonjunctivae were hose correctly. When she turned on
minimally red. No ihie water she was sprayed in the face
Visibnighanges, skin and eyes.
irritation, o fluorescein
dye uptake. Mild hay
fover was noted.
2012 407 Non-Ag | Dicamba, | Applicator Direct Ornamental Inittal fighiness in chest A man used a hand pressurized
Diquat, Spray/Squirt'} Plants (Other | and shorfngss of breath sprayer to apply pesticides. The
Fluazifop o which preverited him handle apparently loosened, and when
-P-Butyl Lnspecificd) from falling asleep. He | he picked up the sprayer, he was shot
has ahistoryof asthma. | in the face by the pressurized liquid.
A week later, he He sought care the next day.
developed a fever and
flu-like symptoms. His
wife developed similar
symptoms two days
after he did.
2012 1118 Nofi:Ag: | Dicamba, | Applicator | Spill/Other Omamental Tingling hands. A Diluted herbicide leaked onto a man's
Mcpa, Preet Lawns doctor noted mild unprotected hands as he adjusted the
Triclopyr redness of the hands, spray tip of the wand. He completed
but also that the patient the application in about fifteen
said the coloration was | minutes, then washed his hands. When
usual for him. his hands started tingling, he read the
label and went for care.
2012 1134 Non-Ag 2,4-D, Routine $pill/Other Not Rash and swelling of | A child may have applied an herbicide
Dicamba, Thdéor Direct Applicable hands in the evening to her hands while playing in a
Isoxaben, after playing in the relative’s garage. Her cousin claims to
Mecopro garage. Medical report | have seen her put it on her fingers, and
p-P describes a macular
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papular rash and lesions she developed symptoms later that
onfinigers, with day.
ingreased peeling of
_siskin after 10'days.
2012 1240 Non-Ag 2,4-D, Mechanical Direct Not Red and irritated oyes. A man thought the wand of his
Dicamba, Spray/Squirt Applicable The nian suggested his backpack sprayer wasn't working
Mecopro eyes cotld have been right, so he disassembled it without
p-P red from allithe rinsing, depressurizing the sprayer. Diluted
but the herbicide is a herbicide squirted over his glasses and
known irritant, into his eyes. He rinsed them out and
went for care.
2012 1267 Ag Dicamba, | Applicator Drift Agriculiyal & Dizziness, nausea, 68-sta-12. The wind picked up as a
Glyphosa Farm shortness of breath, 'man sprayed herbicides around
te Equipmerit vomilitig, headache, irrigation valves in a dairy, which
(Other or abdominal cramping, blew'the product into his face. He was
Unspecified) atid watery eyes. He not trained on pesticide use, his
continyed to feel ill for | employer said this was because he was
several days after the not supposed to apply them.
expuaure.
Organophésphate was
suspected but not
identified.
Chgliniesterase level
within normal lab
range.
2013 417 Non-Ag 24D Unknowiy Direct Unknowi, Eye redness. A man accidentally sprayed herbicide
Dicaniba, SprayiSquirt into his eyes and sought care the next
Mecopro day. The investigator was unable to
p-P, contact the man.
Sulfentra
zone
2013 830 Non-Ag | Dicaniba, | Applicator{ Spill/Other Surfaces Redness and irritation A man sprayed an herbicide
Unknow: Direct (Other or on hands. containing dicamba and
n Unspecified) chlorophenoxy compounds around his
patio and planters. He did not wear
gloves, and some of the product got
into his hands. He didn't wash his
hands until he developed symptoms,
about an hour later.
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2013 1150 Non-Ag 2,4-D, Routine Ingestion Unknown Vomited multiple times, | A child's grandparent's found him with
Dicamba, Outdoor feverp£38.2 ¢. Viral an empty bottle that had contained a
Mecopro gasiroeniteritis was small amount of herbicide. The child
p-P suspected. became ill and was taken for care. The
family was unable to provide further
*l‘ details upon interview.
2013 1255 Non-Ag 2,4-D, Other Ingestion Not, Pain with gwallowing, 105-sac-14. A man ingested two
Dicamba, Applitable abdominal pain, herbicides in a self harm gesture.
Quinclor drowsiness, ataxia, There was concern that he also
ac, nausea, sinud ingested an anti-depressant and was
Triclopyr tachycardia with undergoing alcohol withdrawal. He
migiimal st depression, was hospitalized at least 4 days but
hypotension (89/40), 1ot to follow-up. No investigation
slevated serum ph, was conducted.
anion gap, slightly
elevated liver function
tests, Endoscopy
showet] spme gastritis
AAAAAAAAAAAAAA & esopliagitis,
2014 227 Ag Adjuvant Othigr Drift Wheat Coughing, tightress in 08-kin-14. A school bus carrying 16
R thest, headache. Her children traveled near a field that was
Dicambay symptons subsided being treated aerially with pesticides.
Pyroxstl aftergicouple of hours | The bus driver & 4 children smelled a
am ofigetting fresh air. strong odor and developed symptoms,
but only 3 children sought care. See
also 2014-589 to 592 & 653.
2014 228 Non-Ag 2,4-DH  Transport/SEY 8pil /Other Not He reported a pesticide | A man purchased an herbicide. While
Dicamba, | toragé/Disp Pirect Applicable taste in his mouth, heart | entering his vehicle in the parking lot,
Quinclor osal palpitations, watery a car rapidly approached and he had to
ac eyes, runny nose, and sit on the pesticide to avoid being hit.
dermal irritation. The container leaked and soaked into
his jeans. He showered at home about
20 minutes later.
2014 239 Non-Ag 2,4—ﬂ Other Tigestion Not She was given activated | A woman ingested 8-12 ounces of an
Dicamba, Applicable charcoal, iv hydration, herbicide in a self-harm attempt. She
Mecopro and iv bicarbonate. was taken for care. Due to the
p-P After approximately 6 sensitive nature of this case, no
hours in the ed, she had investigation was conducted.
reddened, peeling skin
on her face, and
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vomited. She was
hospitatized for less
thaniene day before
being transferred to
AL pavchiatric care.
2014 383 Non-Ag 2,4-D, Applicator | Spill/Other Ornamenital Nausea‘and diarrhea. A teenager sprayed weeds with
Dicamba, Direct Lawny His symptoms had herbicide after mowing the lawn.
Quinclor resolved without Some of the chemical got onto his
ac, treatment while at the hands. It was windy, and he believed
Unknow medical facility. some may have blown onto his face as
n avell. He did not wash his bands. A
AAAAAAAAAAAAAAAAAAAAAAA fiw, hours later he began to feel ill.
2014 419 Non-Ag 2,4-D, Applicator Direct Ornamental Fye irritation and A'mai sprayed weeds in his yard with
Dicamba, Spray/Séuirt Lawns redness. an lierbicide which was attached to a
Mecopro hose. When he finished, he
p-P, accidentally squirted himself in the
Quinclor eye with the product while trying to
ac shut off the nozzle. He thinks his
finger may have been on the trigger.
2014 500 Non-Ag 2,4-D, Othér Other Not Burning sensation on A hardware store worker processed a
Dicambay Applicable lipi Heitigised his mouth |  customer return of an open botile of
Quineldr and was reportedly herbicide wrapped in a plastic bag.
ac asyniptomatic when he Minutes later, a fly landed on his lip
reached the emergency | and he brushed it away with his hand,
department. then his lip began burning and he was
L taken for care.
2014 589 Al Adjuvant Ciiher Drift Wheat Headache, burning nose | 08-kin-14. Ref. 2014-227. The driver
s and throat. His window | said the bus did not get sprayed & that
Dicamba, was down. His she did not drive through a cloud of
Pyraxsul symptoms subsided by | pesticides. She said her window was
ani the evening. down along with other windows on
the bus. No one felt any spray mist.
J_ They only smelled a strong odor.
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2014 590 Ag Adjuvant Other Drift Wheat Smelled bad odor and 08-kin-14. Ref. 2014-227. The driver
s begay ¢pughing and contacted the district office and was
Dicamba, sneezing; Later instructed to return to the school.
Pyroxsul developed a héadache Swab samples taken from the school
am anid felt like vomiting. bus found no detectable levels of the
pesticides applied. This student sat
near an open window.
2014 591 Ag Adjuvant Other Drift Wheat Headache, uipset 08-kin-14. Ref. 2014-591. This
R stomach; student sat behind the driver. Her
Dicamba, window was closed but the one in
Pyroxsul front of her was open. She noticed
am svind blowing toward them and there
wWisa strong smell. No violations were
noied during this investigation.
2015 100 Non-Ag | Dicamba, | Mixer/Loa Othier Not Intense burning Alman poured the contents of one
Diquat, der Applicable sensation in eye. He insecticide bottle into a smaller bottle.
Fluazifop was diagnosed with During the process, pesticide spilled
-P-Butyl conjinctivitis. onto the container, and his hand
became wet when he touched it. He
washed his hands, and hours later
rubbed his eye and felt discomfort.
2015 156 Non-Ag 2,4-D, Applicator Direct Heusehold or Throatirritation, A homeowner was spraying his yard
Dicamb; Rpray/Squirt Damestic Iabbied breathing, when the application valve on the
Quinclor Dwelling uppét'chest pain.at the | bottled malfunctioned and a stream of
ac (Othetor ed, oxygen saturation the pesticide shot up his nose and in
Unspecified) was at 98%, and lungs his eyes and mouth. He flushed eyes
were clear. with water for 15 - 20 minutes. He
developed symptoms 2 hours later.
2015 393 Non-digl| Dicamba, | Applicator | SpilliOther Ogamental Redness, irritation and 59-sd-15. A man used a measuring
Diquat, Digect, Lawns blisters the day cup to add herbicide into a sprayer. On
Eliazifop following application. a 2nd addition, he used twice the rate
-B:Butyl A doctor gave a listed on the label. While spraying, the
diagnosis of second and | container started to leak. He did not
third degree burns and wear gloves. The next day, he
blisters on both hands. developed symptoms and sought car
He had three skin graft
surgeries in order to re-
AAAAAAAAAAA construct hands.
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2016 117 Non-Ag | Dicamba, | Applicator Unknown Ornamental Stinging, red, irritated, After applying an herbicide, a man
Diquat, Plants (Other and:Sdre eyes. He took off his glasses, then his gloves,
Fluazifop or flughed hisipyes with and washed his hands with soap and
-P-Butyl Unspecified) water and séught water. When he put his glasses back
miedival care. He also on, he thought some liquid may have
soughticave the next day trickled into his eyes because they
at a different hospital began to feel irritated and sore.
because hisigyes were
AAAAAAAA still sore.
2016 387 Non-Ag | Adjuvant | Applicator | Spill/Other Pastures, Initial symptoms of A worker applied herbicides to
s Direct Rangeland, mild, red irritation'6{ .| various locations over a 4-day period.
Aminopy Uncultivated th¢feet. Continual use The pesticides leaked from the spray
ralid, Non of cotitaminated leather wand onto his leather boots. He did
Chlorsulf agricultural boots résulted in itchy nofhave the leak fixed or change out
uron, Areas rash, blisters, and 51 his contaminated boots. He
Dicamba @oechymosis. Doctor developed symptoms the 2nd day of
notedithat it looks like spraying.
contaét dermatitis, also
has fungal infection of
toenails
2017 258 Non-Ag | Dicamba, Routing Spill/Other Not She experigiced red While at grandmaa€™s house, a
Diquat, {Other or Direct Applicable eyes: Medical staff toddler picked up a bottle of herbicide
Fluazifep 1 Lispecitie noted she smelled of the | that was accessible. As she carried the
-P-Butyl d) herbicide. bottle, she dropped it and some of the
herbicide splashed up into her eyes.
Her mother immediately rinsed her
' eyes and took her for care.
2017 906 NonzAg" | Dicamba, Other Thgestion Not In the hospital, she had A 39-year old woman ingested an
Diquat, Applicable two bouts of vomiting herbicide and a fertilizer in a self-
Eluazifop and was tachycardic harm attempt. An investigation was
iPButyl (heart rate 103). not conducted due to the sensitive
Laboratory results were nature of the case. She showed the
positive for doctor pictures of products ingested.
cannabinoids. She was
medically cleared to
psych less than 24
hours later.
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felt bettér after he was
given antthistamines
and.antacid with a liter
of fluid.

2017 1109 Non-Ag 2,4-D, Routine Unknown Not He thresiup on the way | After use, an herbicide container was
Dicamba, Indoor Applicable to théemergency room. | left on the washing machine. Later, a
Quinclor No other symiptoms 2-year old boy climbed on the
ac wWwére exhibited. washing machine & opened the
container. His father found him crying
and when questioned, the boy pointed
to the open herbicide container.
2017 1482 Non-Ag | Dicamba, | Applicator Unknown Suifaces He experienced A 44-year old man applied an
Diquat, {Other or sneezing, body rash, red | herbicide to weeds emerging from the
Fluazifop Uigpecified) face, and difficulty cracks and gravel in the yard. He did
-P-Butyl speaking. In the not feel well when he came inside the
emgrgency room, he house. His wife took him to the

empriency room a few hours later.
His wife provided details on this
incident.

7 APPENDIX B: SUMMARY OF EPIDEMIOLOGIC STUDIES AND STUDY QUALITY ASSESSMENT

All Cancers

Table B-1: Summary of Epidemiologic Studies on Cancer

Koutros et al. (2008) 1993-1997 AHS [iProspective AHS Survey Cancer registries | No evidence of a positive High
(Enrollment) to Eoliort Instrument — in Jowa and association was reported
2004 I n249,762 Ever/Never DDVP North Carolina between DIYVP exposure and
pestigide Use and Cumulative total cancer at all exposure
applicators Lifetime Use tertiles with the low exposure

group and the nonexposed
group as the referent (0.81 <
RR = 1.01; all 95% Cls
encompassed the null value of

57 For additional reported results including risk measures, number of cases/non-cases, and p-values, refer to the individual study summaries written above.
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Lerro et al. ( 2015)

1993-1997
(Enrollment) to
2010/2011

AHS
Wives of
pesticide
applicators

Prospective
Cohort

n = 30,003
wives of
pesticide
applicators

AHS Survey
Instrument::
Ever/Never BHYP

.0; with n =74 — 85 cases per
exposure category, all p-trends
were = 0.05).

| Caricer pegistries
| in Towaiging
| North Cargtisia

No evidence of a significant
positive association was
reported between DDVP
exposure and total cancer risk
(RR = 1.08; 95% CI: 0.86,
1:35; with n = 81 exposed
viises).

Moderate

Bladder Cancer

Koutros et al. (2016)

1993-1997
{Enrollment) to
2010/2011

AHS

Prospective
Cohort

n = 54,344 04le
pesticide
applicators

AHS Survey
Instrument —
Ever/Never DDVH
IJse and Cumulative
Lifetime Use

inder registries

! in Iowdand
. North Carolina

No evideticgiof a significant
positive gggociation between
DDVP:gkposure and risk of
bladder cancer (RR = 1.01;
95% CI: 0.65, 1.55) based on
ever/mever use. Further
analyses considered intensity-
weighted lifetime days of
DDVP use, and when adjusting
for the aforementioned factors,
no evidence of a positive
association between DDVP
exposure and bladder cancer in
cither category (RR = 0.85;
95% CI: 0.47, 1.54 for the
lower exposure category and
RR =0.93; 95% CI: 0.52, 1.67
for the higher exposure
category, with n = 12 exposed
cases in both categories andn =
253 unexposed cases) was
reported, along with no
evidence of increasing risk of
bladder cancer with increased
use of DDVP (p-trend = 0.82).

High

Breast Cancer

Engel et al. (2005)

1993-1997
(Enrollment) to
2000

AHS

Prisgpective

" Cohort

AHS Survey
Instrument —
Ever/Never DDVP
Use (Indirect

Cancer registries
in fowa and
North Carolina,

No evidence of a significant

positive association between
ever use of DDVP and breast
cancer incidence (RR =1.20;

Moderate
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n=30,145( Ixposure, base % CL: 0.70, 2.10 withn =

breast cancer Husband Self- e cases). A subset analysis

cases) Report) | conducted for wives who
reported never using DDVP
considered husbands’ DDVP
use and also observed no
evidence of a significant
positive association between
Husband’s DDVP use and
wite’s risk of breast cancer (RR
=150:95% CL 0.90, 2.50 with
152 Giigedi(14:0% husbands
used DIIYP) and 13,297 non-
cases (2% husbands used

| DDVP)

Engel etal. 2017) 1993-1997 AHS Prospective AHS Survey M dncer registries | No evidence of a significant Moderate
(Enrollment) to Wives of Cohort Inétruthent — g and positive association between
2010/2011 pesticide n=22.271 Ever/Never DDVP North Carolina DDVP ever use and breast

applicaters wives of se (Diréct Expiosure cancer (HR = 1.10; 95% CI:
| esticide atid Indirggt 0.70, 1.60; with n = 32 exposed
| applicators Exposuigbased on' cases and 712 exposed non-
Husbatid Self- cases) and husband’s DDVP
Report} use (wives’ indirect expostire)
(0.70 <HR < 1.00; all 95% CIs
| encompassed the null value of
1.0; with 29 exposed cases and
| | 971 exposed non-cases).

Lerro et al. (2015) 1993-1997 AHB Progpective I AHS Survey Cancer registries | No evidence of a significant Moderate
(Entolliment) to Wivesiof Colitst Instiyment — in Towa and positive association between
2010/2611 pesticide | 0= 30,003 Ever/Néver DDVP North Carolina DDVP ever use and breast

applicators fvives of Use cancer (RR =1.19; 95% CL:
| mesticide 0.84, 1.70).
applicators _]

Childhood Cancer

Flower et al. (2004) 1993-1997 HAHS Progpective AHS Survey Birth certificates | No evidence of a significant Moderate
(Enrollment) Coliont for Instrument — and cancer positive association was

patenis and Ever/Never DDVP registries in fowa | observed between parental
chithd cases were | Use completed by and North DDVP exposure and risk of
| identified parents Carolina childhood cancer (OR =2.06;
[“retrospectively 95% CI: 0.86,4.90 withn =6
| and cases) based on ever/never use.
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prospectively
following
parental
enrollment

N =17,280
children

Leiss and Savitz,
(1995)

1976 - 1983

Denver,
Colorado

Case-control
study

EyeriNever DDVP
Use éompleted
through parental
interview gt}
measured Vizipest
strip exposure

State cancer

| registry and
ithrough review of
rea hospital

| records

Evidence of a strong
dggociation was observed
during the last 3 months of
préghancy (OR: 3.00%5; 95%
CL s S withn =21
cases), dipositive association
was obgérved from birth
through 2 years prior to
diagnosis (OR: 1.70; 95% CL:
1.20, 2.40 with n =21 cases),
and a moderately strong
association was observed from
2 years prior to diagnosis
through diagnosis (OR: 2.60;
95% CI: 1.70, 3.90 withn =18
exposed cases). For brain
tumors in children, evidence of
a positive association was
observed from the 2 years prior
to diagnosis through diagnosis
exposure period (OR: 1.80;
95% CI: 1.20, 2.90 withn =9
exposed cases).

No evidence of a significant
positive association was
observed during the other two
exposure periods for brain
tumors (1.40 <OR < 1.50; all
ClIs encompassed the null value
of 1.0; withn =10 — 13
exposed cases). Additionally,
no evidence of a significant

Moderate

% The study reported that this odds ratio (OR = 3.00) was not adjusted, unlike the other odds ratios reported, due to missing values.
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positive association was
observed for total cancers
(overall) and lymphomas
among children during all three
of the exposure periods
specified above (total cancers
{overall): 1.20 <OR < 1.50; all
¢k encompassed the null value
ofifi: withn =45 — 61
exposeticases; n = 26 — 47
exposed controls®;
lymphomis: 1.10 <OR < 1.40;
all Cls"encompassed the null
value of 1.0; withn=4 -7
exposed cases).

For soft tissue sarcomas, no
evidence of a positive
association was observed
during two exposure periods (3
months before birth, birth up to
2 years prior to diagnosis) (OR:
0.50 <OR < 0.60; all CIs
encornpassed the null value of
1.0; with n =2 exposed
cases/category).

Cancers of the Large
Intestine

Koutros et al. (2008)

1993-1997
(Enrollment)
2004

AHS

Prospective
Hi€ohort

149,762
pésticide
applicators

AHS Survey
Istrument —
Ever/Never DDVP
Use and Cumulative
Lifetime Use

Cancer registries
in Jowa and
North Carolina

No evidence of a significant
positive association between
DDVP exposure and colon
cancer for any exposure
category with either the non-
exposed or the lowest exposed
group as the referent category
(0.97 <RR < 1.53; all 95% Cls
encompassed the null value of

High

% For total cancers (overall), the study reported the number of exposed cases and exposed controls in the study, but only reported the number of exposed cases (not exposed
controls) for the other cancers reported: leukemias, brain tumors, lymphomas, and soft tissue sarcomas.
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.0; withn =7 10 cases per
exposure category, all p-trends
were 2> 0.05) and no evidence
of a linear (monotonic) trend
across categories.

Lee et al. (2007)

1993-1997
(Enrollment) to
2002

Lung Cancer

AHS

Prospective
Cohort
n=156813
pesticide
applicators

AHS Sutvey
Instygnient —
Eyeriflever DDVP
g

| Cancer régistiies
n [owa and

| North Carolinaj
coded via [CD-O%
2

No evidence of a significant
positive association was
reported between exposure to
DDVP and colorectal cancer
‘based on ever use (OR = 1.30;
95%C 1 0.80, 1.90; withn =30
exposed dased’and n =216
unexposed cases).

Similar results were observed
when stratifying the analysis by
colon and rectal cancer (Colon
Cancer: OR = 1.50; 95% CI:
0.90, 2.40; with n = 24 exposed
cases and n = 145 unexposed
cases; Rectal Cancer: OR =
0.80; 95% CI: 0.40, 2.00; with
n =6 exposed cases andn =71
unexposed cases).

High

Bonner ot al. (2017)

1993:1997
(Entallinent) to
2010 (Nerth
Carolina)&2011
(Towa)

AHS

Peospiective
Cohort

| n=57310
 pesticide
| applicators

AL Survey
Indtrymicnt™
Cumulative Lifetime
DDVP Use

Cancer registries
in Towa and
North Carolina

Evidence of a moderately
strong association was
observed for lung cancer in the
lowest tertile of exposure only
(HR: 2.18; 95% CL: 1.03, 4.59;
with n =7 exposed cases, 423
unexposed cases), relative to
the unexposed group. No
evidence of a positive
association was observed in the
mid- and highest exposure
tertile (0.63 <HR < 0.89; all
Cls encompassed the null value
of 1.0; withn=10- 15

Moderate
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exposed cases, p-trend =
0.855), relative to the
unexposed group. For intensity-
weighted lifetime days, no
evidence of a significant
positive association was
observed in the low, mid, or
highest exposure tertile (0.56 <
HR < 1.39; all CIs
encompassed the null value of
1.8 withn = 10 - 11 exposed
casesifizd2% unexposed
cases, pereiid = 0.599), relative
to the wiiéxposed group, and no
evidence of a statistically
significant p-trend was
observed

either the non-exposed or the
lowest exposed group as the
referent category (0.75 <RR <

Koutros et al. (2008) 1993-1997 AHS Prospective AHS"Sarvey: Cancer thgistries | No evidence of a significant High
{Enrollment) to Cohort Instrument's in Towa and positive association between
2004 |, =49,762 Ever/Nevet DBYE . | North Cagglina DDVP exposure and lung
| nelticide Uséiand Uimulative: cancer at any exposure tertile
aplicators Lifetinie Use with the non-exposed or the
lowest exposed group as the
referent (0.13 <RR < 1.18; all
95% Cls encompassed the null
value of 1.0; withn=2 -6
cases per exposure category, all
p-trends were > 0.05) and no
evidence of a linear
{monotonic) trend across
categories.
Lymphohematopoietic
cancers
Koutros et al. (2008) 1993-1997 HAHS Pibspective AHS Survey Cancer registries | No evidence of a significant High
(Enrollment) to | Coliprt Instrument — in fowa and positive association between
2004 n =49.762 Ever/Never DDVP North Carolina DDVP exposure and
pesticide Use and Cumulative lymphohematopoietic cancers
apilicators Lifetime Use at any exposure level with
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105 a % CIs encompasse
the null value of 1.0; withn =7
— 10 cases per exposure
category, all p-trends were >
0.05) and no evidence of a
linear (monotonic) trend across
@egorﬁes.

Leukemia
Brown et al. (1990) 1980 up to 1987 Males (both | Population- Self-reportedd DDVP 1 Fiamor registry Evidenice of a moderately Moderate
farmers and | based case- use collected’during .+ ditibase ora strong/diogiation was reported
nonfarmers) | control in-person intervigwsi | special between PDVP exposure and
living in interview Sfidy. surveillance leukendid among farmers based
fowa and | metwork on ever/never use (OR: 2.00;
Minnesota Faneluding hospital | 95% CI: 1.20, 3.50; with n = 26
and pathology cases and n = 38 controls), with
records ii:lowa nonfarmers as the referent.
and Mitgsata Similarly, when the data was
further stratified based on
pesticide use at least 20 years
prior to the interview,
evidence of a moderately
strong association was reported
for leukemia among farmers
{OR: 2.40; 95% CL 1.10, 5.40;
withn =12 cases and n=15
controls).
Non-Hodgkin’s
Lymph
Alavanja et al. (2014) 1993-199% AHS Prospectivé AHS Survey Cancer registries | No evidence of a significant High
(Enrollmenty#g I Cahort Hstrument — in Towa and positive association any
2010/2011 154,306 Ever/Never DDVP North Carolina exposure category for lifetime
péstigide Use and Cumulative days of exposure (0.90 <RR <
applicators Lifetime Use 1.40; all 95% Cls encompassed

the null value 1.0, withn = 17 —
19 cases per exposure category:
p-trend = 0.78). Similarly, no
evidence of a significant

7 The study made no specific mention of why they chose ‘at least 20 years prior to the interview’, but one can interpret that the analysis that stratified the data based on pesticide
handled at least 20 years ago, may have been relevant to the supplemental interview that asked farmers who reported applying pesticides, specifically, if they had applied pesticides

prior to and after 1960. Perhaps, this 20-year time period was to allow for a latency period following exposure (DDVP) before the outcome (leukemia) was diagnosed.
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positive association was
reported for any exposure
category for intensity-weighted
lifetime days of exposure and
all NHL cases (1.00 <RR <
1.40; all 95% Cls encompassed

the null value 1.0, withn =17 —

18 cases per exposure category;
itrend = 0.83).

Pathology

2011 (Towa)
2005-2007 through
2009 (French
AGRICAN study)

Cantor et al. (1992) 1980 up to 1984 Males (both | 2 population- Self-repéisted DDVP Na‘pvidence of a significant Moderate
farmers and | based case- use collectedidring | réviews were poBitiVe association was
nonfarmers) | control in-person inteiviews toitdycted to repoited betwiden DDVP
living in interview;, " confirtty NHL and | exposui¢gnd NHL among
Towa and studies . subtypes farmerg based on ever/never
Minnesota use (OR: 1.20; 95% CI: 0.70,
2.20), relative to non-farmers
De Roos et al. (2003) 1979 — 1983 Four Pooled analysis. | Selftéported DDVP | Nebraska No evidence of a positive Moderate
Midwestern | of three case- use throngh Lyniphioing Study | association was reported
states within,. | control studies Guestionnaiiis Group afig laial between DDVP exposure and
the Bnited ™M = 870 cases, administered by | hospitals NHL for both the logistic and
States-Towa, 12,569 controls integvigiwers to study, {Nebraskid); state | hierarchical regressions (OR =
| Nebiaska, partigipénts or proxy | ganter registry 0.90; 95% CI: 0.40, 2.00; OR =
Katigasand respongdents using a (Kansas & Towa); | 0.90; 95% CI: 0.50, 1.70 with n
Minnégaes series of gxposure- surveillance =16 cases)
related quigstions program in
asked in variéms hospitals and
ways (e.g., diregily pathology
wiiopen-endeéd laboratories
questiona (Minnesota)}
Leon et al. (2019) 1969,"10%4: 1979, AHS, . Prospectivi Self-reported Cancer and No evidence of a significant Low
1983, & 989 Norwegian™ ' £ohort Ever/Never DDVP mortality positive association for DDVP
(census datd o, CNAP study, | Ni= 316,270 Lse registries and the | ever exposure and overall NHL
Norwegian CNAP & | & French agitcultural .S National (i.e., all subtypes considered
study) HAGRICAN wigrkers Death Index together) (OR = 1.10; 95% CL:
1993 1997 (US ¥ stidy inclided in the (AHS and CNAP | 0.95,1.27, with n = 523
AHS) through 2010 conibined study only) & self- exposed cases) in the meta-
{North Carolina) & population report analysis.
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s (US)

1994 (Canada) US and
Canada
Waddell et al. (2001) 1981-1986 National
{enrollment) Cancer
Institute -

ooled analysis
using four
population-
based case-
control studies
N =1,690 cases,
5,131 controls

n =25 cases and
53 controls
reported DDVP
exposure

nterview-le
questionnaires in-
person or via the

telephone or mail

ithology

i reviews were

| cupilucted in each
| study, shd NHL

| and stibtypes

| were coded Nia

| ICD -0 -1

| using original

| histology codes

o evidence of a significan
positive association between
DDVP and NHL, based on
ever/never use (OR = 1.04;
95% CL 0.64, 1.71; withn =25
exposed cases and n =53
exposed controls). Similarly,
when the data was further
Steatified for duration of
peticide use, no evidence of a
sighiifieant positive association
was thisetvedibetween DDVP
and NHE 5 any tertile (< 10
years QR: 1.18; 95% CI: 0.53,
2.60 with n = 10 cases, 18
controls; > 10 years OR: 0.88;
95% CIL: 0.46, 1.69 withn = 14
cases, 34 controls, p-trend =
0.80), relative to the unexposed
group (n = 1,496 cases, 4,131
controls). For the NHL
subtypes, no evidence of a
significant positive association
was observed for the FL
subtype (OR: 1.31; 95% CI:
0.67,2.57 withn =11 ever
exposed cases, 457 never
exposed cases) and for the
‘other” subtype (OR: 1.75; 95%
CI: 0.84, 3.64 withn =9 ever
exposed cases, 391 never
exposed cases) For the DLBCL
and SLL subtypes, odds ratios
were not reported due to the
number of exposed cases (n <5
exposed cases), as indicated by
the study authors.

“Pooled analysis
‘Using three
| population-

Interview-led
questionnaires in-

Pathology
reviews and
classification by

No evidence of a positive
association was reported
between DDVP exposure and

Moderate
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nsas, ased case- person or via the orking Fnmula . among a small number o
fowa, control studies telephone or mail i National Cancer | cases (OR = 1.00; 95% CI 0.60,
Minnesota, Tnstitute) 1.70; with n = 23 exposed cases
Nebraska; and n =51 exposed controls),
based on ever use.
Follicular Cell
Lymphoma |
Alavanja et al. (2014) 1993-1997 AHS Prospective A Stirvey Cancer registries “iifiilNo evidence of a significant High
(Enrollment) to Cohort Instrustignt:- in Towa and fsitive association in any
2010/2011 n = 54,306 Ever/Neve BDVP i Narth Carolina expastre category for lifetime
pesticide Use and Cumtiiifative days ofexpetiire among a
applicatérs, Lifetime Use small nigmber of cases (1.0 <
RR < Ei80; all 95% ClIs
encompassed the null value 1.0,
withn =3 - 5 cases per
exposure category; p-trend =
0.90).
Leon et al. (2019) 1969, 1974, 1979, AHS, Prospective Belf-reported: Cancer ##ig No evidence of a significant Low
1985, & 1989 Nogsiepian. i | @ohort Eger/Never DPDVE .| mortality positive association was
{census data from GRAP study, N 316,270 Use seoistrieand the | reported for DDVP exposure
Norwegian CNAP & French agiteitural 118 National and follicular cell lymphoma
study) AGRIEAN workérs IDedth Index (HR =1.10, 95% CL: 0.69,
1993 — 1997 (US study incluged in the (AHS and CNAP | 1.76)
AHS) through 2010 | combied study only) & self-
(North Cagiling) & | population report
2011 ghosi) ;
200852007 through
2089 (French
AGRICAN:study)
Other Non-Hodgkin
Lymphoid
Malignancies
Alavanja et al. (2014) 1993-1997 AHS Peospective AHS Survey Cancer registries | Evidence of a moderately High
(Enrollment) to ! Cohiort Instrument — in fowa and strong positive association was
2010/2011 n = 54306 Ever/Never DDVP North Carolina reported between lifetime-days
pesiicide Use and Cumulative of DDVP use and multiple
applicators Lifetime Use myeloma NHL subtype in the
: low exposure category but not
in the high exposure category
(Low - RR =2.70; 95% CI:
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| Brispective

.20, 5.80; with n =7 expose
cases; High - RR = 1.00; 95%
CI: 0.30, 2.70; withn=4
exposed cases; p-trend 0.81),
and no evidence of an
exposure-response trend was
reported. No evidence of a
significant positive association
$vas reported for lifetime-days
0f DDVP exposure and the
ottigs MHL-subtypes for both
the [owianditsh exposure
categorigs {0.70 <RR < 1.5; all
95% Cls'encompassed the null
value of 1.00; with3 -6
exposed cases per exposure
category, all p-trends > 0.05)
and no NHL subtype showed
evidence of an exposure-
response trend.

Lifetime Use

categories, with the non-
exposed group as the referent
(Low — OR = 0.90; 95% CL:
0.62, 1.32, with 44 cases and

Leon et al. (2019) 1969, 1974, 1979, AHS] Selfrepoited | Cancer and No evidence of a significant Low
1985, & 1989 [iNorwegian Cohoit EveriNever DDVP mortlity positive association was
(census data from CNAPstudy, | N 316,270 Use registries and the | reported for the association
Norwegian CNAP & Frengh agriciiftiral .S National between DDVP ever-exposure
study) AGRICAN | workers Death Index and any NHL subtype (0.94 <
1993 — 1997 (LIS - study inclidediinithe (AHS and CNAP | HR <1.07; all CIs
AHS) thegagh 2016 Hombined sndy only) & self- encompassed the null value of
{Nogtlii€arolina) & Popalation report 1.0, with 81 — 116 cancer cases
2011 {lowa) pet type of cancer).
2005-200 7:through
2009 (Frengh
AGRICAN&wudy) | “hw 0
Prostate Cancer
Barry et al. (2011), 1993-1997 HAHS Nigsted case- AHS Survey Cancer registries | No evidence of a positive High
Barry et al. (2012) (Enrollment) to | conral Instrument — in fowa and association between DDVP
2004 n =776 cases,n | Ever/Never DDVP North Carolina exposure and prostate cancer in
= 1444 controls | Use and Cumulative either the low or high exposure
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controls; High — OR =0.
95% CI: 0.56, 1.21, with 40
cases and 91 controls; p-trend =
0.32).

Cancétigegistries

(Low - OR =0.81; 95% CL:
0.55, 1.20 with 42 exposed
cases and 90 exposed controls;
High — OR = 0.85; 95% CI:
0.58, 1.24 with 44 exposed

Christensen et al. Enrollment (1993 — | AHS Nested case- AHS Survey No evidence of a positive High
(2016) 1997) and 2004 control Instrumgns | in Towa and association was reported
n =776 cases,n | EveyNever DDVP North Caroling between DDVP exposure and
= 1,444 controls | Ugéignd Cumulative | prostate cancer among white
Lifetimie Use inale pesticide applicators in
Sitlier the low or high exposure
catégatios, with the non-
exposed group as the referent
(Low —)F*= 0.81; 95% CL:
0.55, 1520, with n = 42 exposed
cases; High — OR = 0.85; 95%
CI: 0.58, 1.24, with n = 44
exposed cases; p-trend =
0.428).
Koutros et al. (2008) 1993-1997 AHS Prospective AHS Survey: Cancer tégisiics | No evidence of a positive High
(Enrollment) to " Eohort Egtrument i | in Towa aiid association was reported for
2004 49,762 Ever/Ngver DDVP North Cérolina DDVP exposure and prostate
peaticide Use'aiid Cumulative cancer for any other exposure
applicators Lifetiing Use tertile with either the non-
exposed or the lowest exposed
group as the referent category
(0.75 <RR < 0.99; all 95% CIs
encompassed the null value of
1.0; with n =37 — 38 cases per
exposure category, all p-trends
| were > 0.05).
Koutros et al. (2011) 1993-199% AHS | Nested case: AHS Survey Cancer registries | No evidence of a positive High
(Enrollment}itg | control, n = 776 i IeStrument — in Iowa and association was reported
2004 casis, n = 1,444 #"Bver/Never DDVP North Carolina between DDVP exposure and
ciiteols Use and Cumulative prostate cancer in either the low
Lifetime Use or high exposure categories
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cases an exposed controls),
§ with p-trend = 0.428.
Koutros et al. (2013) 1993-1997 AHS Prospective AHS Survey | "‘Uatiter registries Moderate
(Enrollment) to Cohort Instrument — in Towsiand . .
2007 n=54412 Cumulativé DDV, | North Carolina | INO evidence of a
pesticide Use | significant positive
applicators association was observed
for prostate cancer and
for aggressive prostate
cancer relative to DDVP
exposurg:for any of the
stratifieil exposure
categories (0.85 <RRs <
1.15; all Cls
encompassed the null
value of 1.00) and there
was no evidence of a
linear (monotonic) trend
across categories for total
prostate cancer and
aggressive prostate
cancer {p-trends = 0.50,
0.80).
Mills and Yang, (2003) | 198741999 United Farm | Nested'case: Records'to verify State cancer No evidence of a significant Moderate
Workers off control study: occupational history, | registry files positive association was
America ‘ grower’s contracts to reported for DDVP at the high
| (UFW) BE222 prostate iiostablish the exposure level, relative to the
| caficer cases crop/commodity the low exposure group as the
member was exposed referent among farmers (OR
to, and the pesticide high: 1.35; 95% CI: 0.93, 1.96,
use records (PUR) and when exposure was further
from the California stratified by quartile of DDVP
Department of use, with the low exposure
Pesticide Regulation group as the referent (1.15 <
OR < 1.64; Cls encompassed
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o determine
cumulative use

€ NULl vaue o or al

exposure categories; p-trend =
0.21)

Table B-2: Summary of Epidemiologic Studies on Other Health Outcomes

Autoimmune
Disease

Parks et al. (2019)

1993-1997
(enrollment)

1999 — 2003
20052010
(5-Year and 10-
Year Follow-Up)

Biomarkers
of Exposure
and Effect
in
Agriculture
(BEEA}
study
within the
AHS

Prospective Cohort
N =699 male
private pesticide
applicators

Selfipared
cumulatiVe glie.of
DDVP

Bloaisamples
collectedtiangd
measured for
antibodies Vg
aBeratoryitesting

Prgséince of the
following
antibodies in blood
serum: Anti-nuclear
antibodies (ANA),
extractable nuclear
antibodies (ENA)
and anti-dsDNA
antibodies

No evidence of a significant
positive association was
reported for lifetime use of
DDVP and Higher ANA with
the no detectable ANA group
as the referent {OR = 1.02;
95% CIL: 0.50, 2.11; withn =
10 exposed out of 60 cases of
Higher ANA). And, no
evidence of a positive
association was reported for
either Any ANA or Moderate-
higher ANA with the no
detectable ANA group as the
referent (0.80 <OR < 0.85; all
95% Cls encompassed the null
value of 1.0; with n =23 — 66
exposed cases of ANA among
79 - 140 unexposed cases of
ANA at each positivity level)

Moderate

Birthweight
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Sathyanarayana et 1993-1997 AHS Cross-Sectional AHS Survey Sttidy Subjects No evidence of a significant Low
al. (2010) (enrollment) n =2,246 female Instrument — reportédithe weight | reduction was reported
spouses who had a Ever/Never B3NVP in poundsianid between mother’s ever use of
singleton birth Use ounces for eich DDVP and a change in
within 5 years of most recent birih offspring’s birth weight
AHS enrollment i (regression estimate
| coofficient =
8l grams; 95% CL: 203, 104
gramg};
Depression I R e
Beard et al. (2013) 1993-1997 AHS Prospective Cohioset AHS Survey Self-reported No evidgiice of a significant Moderate
(enrollment) to N = 16,893 femalg Instrument — incident depression | positiVe association was
2005-2010 spouses Bver/Never DDVP hetween the time of | reported for wives’ DDVP
(follow-up) e studgienrollment ever use and self-reported
Sell“¢epiited (1993:1997) to incident depression (RR =

CBD v. EPA (1:21-cv-00681-CJN)

study felloveup
(2005-2014)

1.05; 95% CI: 0.71, 1.56; with
n =27 exposed cases, ) and no
evidence of a positive
association was reported for
husband’s ever use of DDVP
and self-reported incident
depression among wives’ who
never used DDVP (RR =0.97;
95% CI: 0.69, 1.38; with 39
cases with indirect exposure)
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Beard et al. (2014) 1993-1997 AHS Prospective Cohort AHS Survey Self-réporfed No evidence of a significant Moderate
(enrollment) to N =21,208 male Instrument incident'dgpiession | positive association was
2005-2010 applicators Ever/Nexer DDVP between theitimeof | reported between DDVP
(follow-up) Use study enrollmént exposure and risk of
Selfireported (1993-1997) to I:.depression for those who
study follow-up teported depression at
{2005-2010) erollment only (OR = 1.10;
95%:42F: 0.80, 1.50) or for
thosewhditeported depression
at follow+up only (OR =1.30;
95% CIL: 1.00, 1.60). Evidence
of a statistically significant
positive association between
DIVP exposure and risk of
depression was reported for
those reporting depression at
both enrollment and follow-up
(OR = 1.60; 95% CL 1.30,
2.10); however, Wald chi-
square tests found no
significant difference in the
ORs between these time of
diagnosis groups (p =0.11)
Diabetes
Juntarawijit and Februgiy: May Bangkok Populaticiizbased Selfieepibnted: Cases were No evidence of a significant Moderate
Juntarawijit, 2016 Thailand Gage-controlgiuidy questiotnzire medically positive association was
(2018) M 1887 male orginating from the diagnosed from reported for diabetes based on
7 of 21 area | pesticide applicators i, Agricultural Health area hospitals that ever/never DDVP exposure
hospitals Study7, andled by a | were randomly (adjusted OR: 1.03; 95% CL:
piiticipated group of trained selected to be part 0.41,2.62n=10 cases, 12
mterviewers (~50 of the study controls)
interviewers/village,
5 — 10/village)
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Montgomery et al.
(2008)

1993-1997
(enrollment) to
1999-2003
(follow-up)

AHS

Prospective Cohort
n =33,457 (1,176
Diabetes Cases)

AHS Survey
Instrument —
Ever/Never B3NVP
Use

Self-reparted

Selfeported
diabetegBetween

the time'dfistady
enrollment {1403
1997) to study
follow-up (1999
2003}

No evidence of a positive
association was reported
between DDVP and diabetes
(OR =0.92; 95% CI: 0.75,
1.13; with n = 110 exposed

.cases and n = 3,105 exposed
| ion-cases) based on ever use

whép adjusted for age only.
Simailiely, further adjusting the
model for state of residence
and BMI/in addition to age, no
evidetite of a positive
association was reported (OR
=1.21; 95% CI: 0.98, 1.49;
with n = 110 exposed cases
and n = 3,105 exposed non-
cases) and for the dose-
response relationship between
lifetime cumulative days of
DDVP use and risk of diabetes
(1.15 <OR <1.26; all 95%
CIs encompassed the null
value of 1; withn =30 - 44
cases per cxposure category;
all p-values > 0.05) with the
no exposure group as the
referent and no evidence of an
increasing exposure-response
trend was reported (Wald’s chi
square p-trend = 0.15).

Moderate

Starling et al.
(2014

1993-1997
(enrollment) and
at least one of the
two follow-up
mterviews at 5-
years or 10-years
after enrollment

female spouises (n =
13,637) of farmers

Instrument
Ever/Never DDVP
Use

Self-reported a
physician-diagnosis
of diabetes after
enrollment, and
who had complete
information on BMI

No evidence of a positive
association was reported
between DDVP ever use and
incident diabetes in women
(HR = 0.96; 95% CI: 0.70,
1.33)

Moderate

Dream Enacting
Behavior
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Use and ‘€gmulative
Lifetime Usg

Ingiex

2.03; 95% CI: 0.99, 4.15 with

n =9 cases) based on ever use.

Further analyses considered
husbands’ cumulative lifetime
use of DDVP and ESRD
among wives who reported no
{personal direct) pesticide use
and found no evidence of an
exposure-response trend(p-
trend = 0.13)

Shrestha et al. 1993-1997 AHS Prospective Cohort AHS Survey AHE Survey Evidence of a positive Moderate
(2018a) (Enrollment) to n =23478 subjects Instrument — Instrinidng— , association between
2013-2015 completing Phase 5 Ever/Never B3NVP “Have yoi g¥er ever/never use of DDVP and
(Phase 5 Follow- Questionnaire Use been told, OF dream enacting behavior
up) suspected yourgelfi: | (DEB) (OR: 1.40, 95% CI:
that you seem to :.1.20, 1.60, n = 223 exposed
‘act out dreams’ | cages)
Shile sleeping?” If |
thevzanswered yes,
they Were prompted
to answei' additional
questions on the
{ freguency of
syptoms.
End State Renal
Disease
Lebov et al. (2015) 1993-2011 AHS Pivsspective Cohort Hujgband’s Responsies, | Linkage with the No evidence of a significant Moderate
(Enrollment) to hilaciie ) to AHS Surviey LInited Stafgs Renal | positive association between
2011 wivesiof licensed Instrugent DataSystem and indirect DDVP exposure and
applicatosy Ever/Neyer DDVP the National Death ESRD was reported (HR =
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Lebov et al. (2016) 1993-1997 AHS Prospective Cohort AHS Survey Linkage with the No evidence of a positive
(Enrollment) to n=55580 Instrument UnitediSgites Renal | association using the non-
2011 Licensed male Ever/Never B3NVP Data Systéiniand exposed as the referent
applicators Use and @iimulative, the Nationalifdeath category: Low Exposure
Lifetigigitise Index Category ( <3136 days: HR =
1:0.78; 95% CL: 0.41, 1.47; with
| 'n= 10 exposed cases and n =
21987 exposed non-cases)
HighiExposure Category (>
3136idaysiiR = 1.41; 95%
CL 0.74;2.6; withn = 10
exposéd cases and n = 1,682
exposed non-cases), with p-
trend = 0.286.
Eye disorders
Kirrane et al. 1993-1997 AHS Lross-sectional AHS Survey AHS Surigy No evidence of a significant Low
(2005) i 315173 wives of | InStiument - InstrumentiiSelf- positive association between
pesticide applicators | Ever/Neysr DDVP roported rétinal or DDVP exposure and eye
Use ‘macular disorders (OR = 1.10; 95% CI:

degeiieration

0.50,2.20).
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Montgomery et al. 1993-1997 AHS Nested Case-Control | AHS Survey Casey were Evidence of a positive
(2017) n =161 cases, Instrument — ascertajtiéd by association was reported
39,108 controls Ever/Never B3NVP physicidng$gith between DDVP and AMD
Use supporting based on ever/never exposure
pathology or réfisial, | (OR: 1.80; 95% CI: 1.10,
photographs :.3.00; withn = 18 cases and 0
123121 controls).
g analysis of cumulative
days6fuse of DDVP and
AMD, fidi¢ated no evidence
of a significant positive
assoctétion for either exposure
category (> 0 - 10 days, > 10
days exposure) (1.10 <OR <
1.90; all CIs encompassed the
null value of 1; withn=5-6
exposed cases per category; p-
trend = 0.558) and no
evidence of an exposure-
response trend.
Fatal Injury o N
‘Waggoner et al. 1993-1997 AHS Prospectiveiohort AHS Survey: Annual linkage No evidence of a significant Low
(2013) (Enrollment) to #51,035 Instrument with death registries | positive association between
2008 licensed male Ever/Never DDVP: in NC and A and risk of fatal injury and DDVP
appliéaos Else the National Death exposure among male farmers
Index. Injury deaths | in the AHS, based on
defined by ICD ever/never use (HR: 1.02;
codes indicating a 95% CI: 0.69; 1.50; withn =
fatal injury. 29 exposed cases).
Hearing Loss AA“ A‘J

Page 182 of 194

CBD v. EPA (1:21-cv-00681-CJN) ED_005427A_00024610-00182



Crawford et al. 1993-1997 AHS Prospective Cohort AHS Survey Selftréported No evidence of a significant Moderate
(2008) (Enrollment) to n=14,229 Instrument — hearitigifoss positive association between
Five-Year licensed male Ever/Never B3NVP hearing loss and cumulative
Follow-Up applicators Use as wellias lifetime days of DDVP
frequencdand exposure was reported (OR =
duggtion.of use +:.1.08; 95% CL: 0.91, 1.25 for
| the low exposure group; OR =
1185 95% CI: 1.00, 1.36 for
th&high exposure group, p-
trend %0, 08)
Myocardial
Infarction
Mills et al. (2009) 1993-1997 AHS Prospective Cohort ATES Survey Fatal:Ml No evidence of a significant Moderate
(enrollment) to n = 54,609 non-fatal f Instriiient s ascertained using positive association was
1999-2005 MI groug, 32,024 Byer/Never VP state andnational reported for either fatal or
nori-fatal MI group Usg death databizses non-fatal MI and DDVP
dfter Bivear follow- Non-fatal M exposure based on ever/never
up petiod; dccditained AHS use (HR=1.10; 95% CL 0.78,
Stpvey Instrument 1.54; HR=1.02; 95% CIL: 0.79,
b 1.32)
Nervous System
Function
Starks et al. (2012a) | 1993-1997 AHS Prospective Coliort ] AHS Survey Neurobehavioral No evidence of a statistically Low
(Enrollnieat) n =1,80% Tostiviment function was significant association was
2007 (Phaseir lidensod malg Ever/Mever DDVP determined through | reported for DDVP exposure
5 ' dpplicators Use; lifetime days of | nine tests to assess and any neurobehavioral tests
10-year Follow: (elipible), 701 use central nervous for DDVP ever use and for log
Up) (participited) system (CNS) transformed cumulative

tunction, along with
a questionnaire

lifetime days of use (-0.63 <
all < 1.53, all p > 0.05 for
the associated model of DDVP
regression coefficients)

CBD v. EPA (1:21-cv-00681-CJN)

Page 183 of 194

ED_005427A_00024610-00183



Starks et al.
(2012b)

1993-1997
(Enrollment)

Two 5-year
follow-up
telephone
interviews (Phase
2&3)

AHS

Prospective Cohort
n=678

licensed male
applicators

AHS Survey
Instrument —
Ever/Never DDVP
Use; lifetime days of
use was the sum of
days of use calculagéd
for each interview:
period

Neurological
testingialong with a
quéationtigire; the
petipheral néryous
g¥stem (PNS)
function tests
inclodedia
neurolgical
physical éxgmi
electrophysiclagical
tests, and
quantitative
functional tests

Evidence of a moderately
strong positive associations
between DDVP and tandem
abnormalities and evidence of
a significant positive
association between DDVP
and toe vibration for ever use
was reported. Results from the
dose-response model indicated

| evidence of strong association
between log-transformed
liilifetime days of use of DDVP

anditbe proprioception for the
lowgipasrgi-group and a
moderaiely strong association
betwegit log-transformed
lifetime days of use of DDVP
and tandem gait for the low
and high exposure groups,
with the no exposure group as
the referent. A significant
MONOLONIC SXPOSUre-response
trend was also reported for
tandem gait, toe
proprioception, and toe

significant positive association
or trend was reported for any
of the other neurological
physical examination tests of
ankle reflex, postural tremor,

from the log-transformed
lifetime days of use of DDVP.
For the analysis of DDVP
exposure and the
clectrophysiological tests,
evidence of a significant
association was reported for
ever use of DDVP and distal
motor latency; no evidence of
a significant association was
reported for distal motor
latency for lifetime days of

Low
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Parkinson’s
Disease

use nor for any of the other
three electrophysiological tests
including distal metor
amplitude, nerve conduction

velocity, short F-wave latency

i.and either ever use or lifetime
" days of use of DDVP. For the
Manalysis of DDVP exposure

arid ti:quantitative functional
PNS*tests, 1o evidence of a
signifi¢ant association was
reported for ever use of DDVP
and for log-transformed
lifetime days of DDVP and
sway speed with eves opened
and closed, hand strength and
vibrotactile threshold.

Kamel et al. (2007)

1993-1997 AHS
(Enrollment)

1999-2003
(Phase 2 Foliow-
up)

3

Cohort Crogg:
sgetional
184,738 enrolled,
57,251 Bhased
Followiup

AHS Survgy
Instrument';
Ever/Never BRVP
Use

i

AHS Survey
Instrument

At enrollment and
follow-up, ““Has a
doctor ever told you
that you had been
diagnosed with
Parkinson’s
disease?’

No evidence of a positive
association between DDVP
exposure and prevalent and
incident Parkinson’s disease
was observed based on
ever/never use (OR = 0.80;
95% CI: 0.40, 1.90 for
prevalent PD; OR =0.70; 95%
CI: 0.30, 1.40 for incident PD)

Moderate

Rhbeumatoid
Arthritis
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De Roos et al. 1993 — 1997 AHS Nested case-control | AHS Survey Selftréported No evidence of a significant Low
(2005) (Enrollment) study Instrument — physicin: positive association was
N =135 female Ever/Never B3NVP diagnosdd; reported between DDVP
1999 — 2003 e I Rh atoid 4 RA in femal
(5-Year cases Use cumatoi exposure at in female
- arthritis spouses (OR = 1.40; 95% CL:
Follow-Up) 11,0.50, 3.90; withn = 5 exposed
Physician | hses and n = 19 exposed
Confirmed Mgbntrols)
Meyer et al. (2017) | 1993 — 1997 AHS Prospective cohort AHS Survey Selfsreported or Noigvidence of a significant Moderate
(Enrollment) n = 26,134 male Instrument — physician positive agsociation was
1999 — 2003 AHS ;tudy Ever/I\Ieyer and diagnosed - reported bethcen‘ DDVP
2005 — 201 O’ participants cumulative DDVP theumatoid arthritis | expostire and incident RA
; > e cases among male pesticide
and/or 2013 - : : = . 959,
015 (b applicators (OR = 1.40; 95%
2015 (Follow- CL: 0.91, 2.14). For intensity-
Up) weighted lifetime days of use,
no evidence of a significant
positive association was
observed at any exposure
tertile (1.14 < OR < 1.76; all
95% Cls encompassed the null
valueof 1; withn=7 -9
exposed cases/tertile; p-trend
=0.11).
Parks et al. (2016) 1993 — 1997 AHS Nested ¢asgzcontrol ] AHS Survey Self-reported No evidence of a significant Moderate
(Enggllmert) study Instrument - physician- positive association between
W 24,293 fenidle Ever/Nevér DDVP diagnosed DDVP exposure and all
;(9)32:2(2)(1)83 cases Use Rheumatoid (incident and prevalent) RA
(Pha;ses S8 arthritis cases (OR = 1.10; 95% (I;:
3 Vear a;lddl’()- 0.56, 2.40 for total RA withn
T Physician =8 cases)
Year Follow-Up)
confirmed
Respiratory
Effects
Asthma
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Henneberger ot al. 1993-1997 AHS Cross-Sectional AHS Survey AHE Survey No evidence of a positive Low
(2014) (Enrollment) n =926 commercial | Instrument — Instrindig: association was reported
and private Ever/Never B3NVP Self-repoitiofa between exacerbated asthma
applicators Use doctor’s diagiiosis and current DDVP exposure
of asthma among applicators (OR =
13,0.80; 95% CIL: 0.30, 2.60).
Hoppin et al. 1993-1997 AHS Cross-Sectional AHS Survéy AHES Survey Nogvidence of a significant Low
(2008) (Enrollment) n =25,814 farm Instrument — Hstitiment: positiye assadiation for DDVP
women Ever/Never DDVE Self-repért of a expostire for either atopic (OR
Use doctor’s diagnosis = 1.35{95% CI: 0.69, 2.66;
of asthma after age | with n =9 exposed atopic
9iVears and atopic | cases) or non-atopic asthma
statii§ibased on a atopic (OR = 1.25; 95% CL:
self-répaitted 0.73,2.11; withn =15
history of docioi exposed non-atopic cases),
diagnosed é¢zema based on ever/never use.
ot:hay fever.
Hoppin et al. 1993-1997 AHS Cross-Sectional AHS Survey AHS Survey No evidence of a significant Low
(2009) (Enrollment) aui 5D, 704k Instrument — Instrument: positive association between
through segonid appliifos Ever/Never DIVE Self-reportofa ever use of DDVP and allergic
mailed Tlag doctor’s diagnosis asthma or non-allergic asthma,
questioiitiaire of asthma respectively (OR = 1.47; 95%
CIL: 0.90, 2.39 for allergic
asthma and OR = 1.05; 95%
CIL: 0.74, 1.49 for non-allergic
asthma)
Chronic
Bronchitis
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Hoppin et al.
(2007)

1993-1997
(Enrollment)

AHS

Cross-sectional
n = 20,908 male
applicators

AHS Survey
Instrument —

Use

Ever/Never B3NVP

AHB Survey
Tostroment:

“Has a DECEOR
ever told youiha
vou had (beent
diagnosed with)
chronic bronchitis?
H.yes, how old
Witk you when a
doctorifirst told
you? <20, 20-39,
40-59, 60+)”

Evidence of a positive
association between DDVP
exposure and chronic
bronchitis among male
pesticide applicators (OR =

15.1.36; 95% CL: 1.06, 1.73; with
| 0= ~85 — 86 exposed cases
Vandin =~ 2,227 - 2,228

exposed non-cases). When
adjusted {GiCorrelated
pesticiges) no evidence of a
significant positive association
between DDVP exposure and
chronic bronchitis among
pesticide applicators (OR =
1.15; 95% CI: 0.87, 1.51).
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Rinsky et al. (2019) | 1993 — 1997
(Enrollment)
1999 2003
(Follow-Up
Interview)
2005 - 2010

AHS

Prospective cohort
n =22,491 male
AHS study
participants

AHS Survey
Instrument —
Ever/Never B3NVP
Use

Follow-up
interVieti farmers
were askédiiiiHave
you ever béen
diagnosed with
chronic bronchiti§;
emphysema, and
EOPIY” in three
sepdrate questions

Evidence positive association
was reported for DDVP ever
use and chronic bronchitis

symptoms alone (OR =1.39;
95% CI: 1.16, 1.66, with 144

. exposed cases). No evidence
| 9f.a significant positive

dssdiciation was reported for
DEVPever exposure and
COPLYwili chronic bronchitis
and noigyidence of a positive
associétion was reported for
COPD diagnosis alone
{(COPD with chronic
bronchitis — OR = 1.26; 95%
CI: 0.88, 1.81, with 34
exposed cases; COPD
diagnosis alone — OR = 0.97;
95% CIL: 0.79, 1.20, with 86
exposed cases)

For lifetime days of use,
lifetime days of DDVP use
were divided into the
following categories: 0 days,
1-50 days, and 50.75 — 8,350
lifetime days of use. Evidence
of a positive association was
reported for the highest
exposure category (50.75 -
8,350 lifetime days of use Jof
the COPD-related outcome of
chronic bronchitis symptoms
only (OR = 1.35; 95% CI:
1.05, 1.73, with 80 exposed
cases and 811 unexposed
cases)
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Valcin et al. (2007) | 1993 — 1997 AHS Prospective cohort AHS Survey Selfiréported doctor | Evidence of a statistically Low
(Enrollment) n =21,541 female Instrument — diagnigsisifrom significant positive association
AHS study Cumulative BEYVP answerifig: the between DDVP and chronic
participants Use following quéstion, | bronchitis using a logistic
“Have you evég regression model was reported
been diagnosed i (OR = 1.83; 95% CL: 1.20,
with chronic |12:80 when adjusted for age
Hronchitis, Mandigtate, with n = 23 cases).
éniphyvsema, and
COPDY
Rhinitis
Slager et al. (2010) | 1993-1997 AHS Cross-Sectional AHS Survey AHS Survey Evidence of a statistically Low
n =21,958 private Tnatiument — Higtiument: significant positive association
applicators EveriNever DDVP Cuitentrhinitis, between current DDVP use
Tse self-réport and rhinitis (OR = 1.15; 95%
CIL: 1.03, 1.28) based on
J_ ever/never use.
‘Wheeze
Hoppin et al. 1994-1997 AHS Cross-sectignal AHS Suiey AHB Survey No evidence of a significant Low
(2002) (Enrollment) 1= 20,468 Instrumenti: Instrument: positive association between
Ever/Never PDVP ‘Wheeze in past 12 DDVP exposure and the
Use months, self-report | wheeze among pesticide

applicators (OR = 1.14; 95%
CIL: 0.90, 1.44) based on ever
use in the past year. Further,
the authors reported no
evidence of a linear
(monotonic) trend across
categories based on five
ordinal categories of exposure
{p-trend = 0.30).
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Hoppin et al. 1993-1997 AHS Cross-sectional AHS Survey AHS Buvey No evidence of a significant Low
(2006a) (Enrollment) n=20,175 (17,920 Instrument Instruméit: positive association was
farmers and 2,255 Ever/Nexer DDVP “How many observed for wheeze among
commercial Use episodes of farmers (OR =1.13; 95% CI:
applicators) wheezing or 1:.0.88, 1.46 with n ~ 537 — 538
whistling in your Cases).
¢hest have you had | “Evidence of a moderately
iy the past 12 as$oeigtion was observed
ponths” amorigcaitimercial applicators
(OR =248; 95% CI: 1.08,
5.66 withn ~ 22 — 23 cases).
Hoppin et al. 1993-1997 AHS Cross-sectional AHS Survey AHS Survey Evidence of a moderately Low
(2006b) (Enrollment) n=2,255 Instrimigine: Institgment: strong association between
commercial Byer/Never DVP Wheeze in past 12 current DDVP use and wheeze
Applicators from Use, months, selfreport | for commercial applicators
o based on ever/never use72 (OR
=2.48;95% CI: 1.08, 5.66
with n = 9 cases).
Stroke
Rinsky et al. (2013) | 1993-1997 AHS Prospective cohort AHS Surve Vital status was No evidence of a significant Moderate
(Enrollment) n=EEC03AHS Instrument — ascertained at positive association between
study participarits Ever/Never DDV follow-up using DDVP exposure and the risk
Follow-yy Else death records of stroke mortality based on
through 2008 ever/never use (HR = 1.11;
95% CI: 0.70, 1.74)
Suicide
Beard et al. (2011) 1993-1997 TATS Prospective cohort WHS Survey Vital status was No evidence of a significant Moderate
(Enrollment) n=81,998 AHS Instrument — ascertained using positive association was
- study parficipants Ever/Never DDVP death records reported between DDVP
Follow-up Use exposure and suicide (HR =
through May P i ) .
1.05; 95% CI: 0.51, 2.18 with
2009 _ <
n = 8 cases) based on
ever/never use

72 The study reported that frequency of use data for DDDVP was limited and as a result, dose-response data was not provided for this pesticide.
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Thyroid Disease
Goldner et al. 1993-1997 AHS Cross-sectional AHS Survey, AHS Suryey No evidence of a positive Low
(2010) (Enrollment) n=16,529 Instrumentis: Instrument: association between DDVP
Ever/Nevgi DDVP Self-reported exposure and hyperthyroid
Use, history of physicianii. disease (OR = 0.62; 95% CL:
diagnosed thyroid 110,27, 1.4; withn = 6 exposed
disease Highdes). Similarly, no evidence
(hyperthyroid, oz gbsitive between DDVP
hypethyroid, other) | expéiurgandhypothyroid
diseasé pr:dther thyroid
diseasg (Hypothyroid disease-
OR =0.60; 95% CL 0.37,
0.97; with n = 18 exposed
cases; Other thyroid disease
(OR =0.73; 95% CL 0.40,
1.3; withn = 11 exposed
cases).
Goldner et al. 1993 - 1997 AHS Prospectivecohort AHS Suivey Selfirepirted No evidence of a significant Moderate
(2013) (Enrollment) n =22246 ale Instrumient — diggnesis of thyroid | positive association was
1999 — 2003 AHS study Ever/Nevir, DDVP di§base between reported between exposure to
(Follow-Up participants Use time of study DDVP and hypothyroid
Phase IT) enrollment (1993- disease, based on ever/never
2005 - 2019 1997) to study use (OR =1.26; 95% CI: 0.97,
(Follow:Elp follow-up (1999- 1.64; with n = 69 exposed
Phase 1} 2003, 2005 —2010) | cases and n = 2,414 exposed
non-cases)
Shrestha et al. 1993 — 1997 AHS Prospeciiye cohort %HS Survey Self-reported No evidence of a positive Moderate
(2018b) (Enrollment) n = 24,092 fomale Instrument — diagnosis of thyroid | association was reported for
1999 2003 AHS spotiges Ever/Never DDVP disease using DDVP exposure among
(Follow-Up Use medical records for | female spouses of applicators
Phase IT) validation between | for hyperthyroid disease based
2005 - 2010 time of study on ever use (HR
(Follow-Up enrollment (1993- Hyperthyroid: 0.77; 95% CL
Phase III) 1997) to study 0.42, 1.41 with n = 11 exposed
2013 - 2016 follow-up (1999- cases, 491 unexposed cases),
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(Follow-Up
Phase IV)

2003 2005 — 2010,
2013 2016)

and in an additional anal

that only included thyroid
cases as defined by receipt of
treatment in AHS spouses,
reported no evidence of a

. positive association between
| 'DDVP exposure and
Mhyperthyroid disease (HR:

0.92:95% CIL: 0.49, 1.72 with
n = Féigspised cases, 376
unexposed cases)

No evidence of a positive
association was reported for
DDVP exposure and
hypothyroid disease among
female spouses of applicators
(HR Hypothyroid: 0.83; 95%
CL 0.61, 1.14 withn =41
exposed cases, 1,505
unexposed cases), and in an
additional analysis that only
included thyroid cases as
defined by receipt of treatment
in AHS spouses (HR: 0.88;
95% CIL: 0.64, 1.21 withn =
40 exposed cases, 1,345
unexposed cases).

Shrestha ot al.
(2018¢)

1993 - 1997
(Enrollment)
1999 — 2003
(Follow-Up
Phase IT)
2005 - 2010
(Follow-Up
Phase III)

n =348 male
AHS study
participarts

1 ALS Survey

Instrument —
Ever/Never DDVP
Use

Self-reported
diagnosis of thyroid
disease using
medical records or
questionnaire data
for validation
between time of
study enrollment

Evidence of a positive
association was reported
between DDVP exposure and
hypothyroid disease among
private applicators (HR
Hypothyroid: 1.42; 95% CL:
1.17, 1.72, p-value < 0.01)
based on ever/never use and

Moderate
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2013 -2016
(Follow-Up
Phase V)

Shrestha ot al.
(2019)

1993 1997
(Enrollment)
1999 — 2003
(Follow-Up
Phase IT)
2005 — 2010,
(Follow-kip
Phase, Jil}
20132016
(Follow-Up
Phase V)

AHS

Prospective.cohort
n = 35,150 thale
AHS study
Participants

Instrumegnt —
Ever/Neviér DDVP
Use

(1993:1997) to
study“fotlow-up
(1999-2083.:2005
2010, 2013%2016)

for intensity-weighted lifetime
days of use in the low and mid
tertiles ( >0 - < 539 days -
HR: 1.47; 95% CI: 1.08, 2.00;
with n =45, p-value = 0.01);

>539 days - <3,915 days -
HIR: 1.60; 95% CI: 1.19, 2.15
240, p-value = 0.00); no

evideiite of a significant
positive asgociation was
reported il the highest
expostite category (> 3.915
days - HR: 1.25; 95% CIL:
0.89, 1.75 n = 36, p-value =
0.20), and no evidence of a
significant p-trend (p-trend =
0.20)

AHS Supvey Selfreported

diggnesis of thyroid
digetise using
medical records or
questionnaire data
for validation
between time of
study enrollment
(1993-1997) to
study follow-up
(1999-2003, 2005 -
2010, 2013 - 2016}

No evidence of a positive
association between DDVP

private applicators was
reported in both the overall
analysis (n = 35,150) and
stricter case analysis (n =
34,463) (overall — HR: 0.96;
95% CIL: 0.62, 1.49, with n =
23 exposed cases; stricter case
definition — HR: 0.76; 95% CL
0.30, 1.93, with n =5 exposed
cases)

Moderate
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